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o WILFRIED NORTERSHAUSER

Storage-ring measurements of hyperfine-induced one-photon transi-
tions in highly charged ions — eSTEFAN SCHIPPERS

Low-Temperature Molecular Recombination from fast Electron and
Ion Beams — ¢OLDRICH NOVOTNY
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MO 1: Vibrational Spectroscopy

Time: Monday 10:30-12:45

Invited Talk MO 1.1 Mon 10:30 V38.03
Vibrational Molecular Interferometry — eHERMAN L
OrreERHAUS!, Erik T GARBAcCIK!, SHAUL MUKAMEL?, ALEXAN-
pEr CW vanN RuuN!, Cees Orro®, and JENNIFER L. HEREK! —
LOptical Sciences group, University of Twente, the Netherlands —
?Department of Chemistry, University of California, Irvine, USA —

3Medical Cell BioPhysics group, University of Twente,

We demonstrate an implementation of a CARS microscopy method
that is based on an interaction picture centered on the molecules, as
proposed in [1], rather than the interacting fields. It provides an in-
tuitive and unified description of the various signal contributions, al-
lowing easy extraction of the vibrational response. Three optical fields
create a pair of Stokes Raman pathways that interfere in a single vibra-
tional state. Frequency modulating two of the fields leads to amplitude
modulations of the signals, which we refer to as vibrational molecu-
lar interferometry (VMI). The modulation depth that we observe is
comparable to that found in SRS, and allows imaging at high speed
free of the non-resonant background that plagues coherent anti-Stokes
Raman scattering (CARS) measurements. The demonstration is on a
narrowband system and does not offer a large improvement in practi-
cal terms over existing SRS strategies, except that it can distinguish
between electronic and vibrational transitions and avoids signals from
Kerr-lensing. The new strategy is not limited to narrowband CARS
and broadband extensions are possible. [1] Rahav, S. & Mukamel,
PNAS 107, 4825-4829,(2010).

MO 1.2 Mon 11:00 V38.03
The full characterization of the third-order nonlinear sus-
ceptibility using single-beam-CARS — e ALEXANDER WIPFLER,
JEAN REHBINDER, Tiaco Buckup, and MARcus MoTzKus —
Physikalisch-Chemisches Institut, Ruprecht-Karls-Universitat Heidel-
berg, D-69120 Heidelberg, Germany

Single-beam-CARS setups circumvent the experimental challenge of
superposing two laser pulses in space and time. However the infor-
mation on the nonlinear susceptibility is often poor compared to con-
ventional CARS and spontaneous Raman measurements. We present
a method that allows for the full characterization of the susceptibility
by introducing a phase gate in the excitation spectrum. The phase
of this gate is subsequently set to four different values which makes a
double quadrature spectral interferometry (DQSI) operation possible.
This operation delivers amplitude and phase of the third-order nonlin-
ear susceptibility. The theoretical background including simulations of
the scheme and experimental results on toluene will be presented. As
amplitude and phase are obtained, the information on the susceptibil-
ity gained with our method exceeds the one from conventional CARS
experiments and even spontaneous Raman measurements.

MO 1.3 Mon 11:15 V38.03
Multimodal non-linear imaging with shaped femtosec-
ond pulses — eJEAN REHBINDER, Tiaco Buckup, and MAR-
cus Motzkus — Physikalisch-Chemisches Institut, Ruprecht-Karls-
Universitat Heidelberg, D-69120 Heidelberg, Germany

Multimodal non-linear imaging takes advantage of the simultaneous
generation of different optical signals, like second and third harmonic
generation (SHG and THG), two-photon excited fluorescence (2PEF)
and four-wave mixing (FWM). SHG and THG highlight structured
molecules and interfaces, whereas 2PEF is generated by specific fluo-
rophores. FWM, on the other hand, provides contrast based on the
specific third-order nonlinear susceptibility. A promising way to im-
prove multimodal non-linear imaging is phase and amplitude shaping
of the excitation pulses. Contrast and selectivity can be improved by
addressing specific fluorophores emitting in the same spectral region
or even by retrieving the Raman information. This work in based on
the phase and amplitude shaping of a single beam from a broadband
Ti:Sapphire oscillator applied to microspectroscopy. A first benchmark
is presented by comparing the effect of standard Taylor-phase distor-
tions on the different non-linear signals. The separation of spectrally
overlapping 2PEF and FWM signal is studied in a plant cell. We also
discuss the effect of optimization of SHG or FWM using imaging of a
tendon from a rat-tail.

MO 1.4 Mon 11:30 V38.03

Location: V38.03

Quantitative data analysis in hyperspectral CARS imaging —
eGRECOR HEHL!, ALEXANDER KovALEVZ, and ANDREAS VOLKMER!
— 13. Physikalisches Institut, Universitit Stuttgart — 2Department
of Zoology, Christian-Albrechts-Universitat Kiel

Hyperspectral coherent anti-Stokes Raman scattering (CARS) imag-
ing, the combination of spectrally and spatially resolved CARS detec-
tion, offers access to the full wealth of chemical and physical structure
information encoded in vibrational signatures of chemical species on
the sub-micron length-scale. Because of the coherent nature of the
CARS process, a complex spectrum of the third-order nonlinear sus-
ceptibility is probed. However, the actual measurement of the CARS
spectrum yields its power spectrum. In order to reconstruct the lin-
ear Raman response of the sample a spectral phase retrieval is nec-
essary. Two different methods for the qualitative phase-retrieval have
been proposed, that is the maximum entropy method (MEM) and
the Kramers-Kronig transform. In this work, we demonstrate the full
quantitative reconstruction of Raman responses of skin model lipids
based on MEM. We show that identical information is obtained from
CARS and spontaneous Raman spectra provided that the full coherent
nature of the CARS experiment is taken into account. The proposed
analysis scheme for hyperspectral CARS data allows fast chemical
imaging of living cells and tissues in a label-free and fully quantita-
tive manner.

MO 1.5 Mon 11:45 V38.03
Coherent Anti-Stokes Raman Scattering (CARS) with tun-
able broadband excitation and narrowband probe pulse —
eMaTrTHIAS LUTGENS, SUSANA CHATZIPAPADOPOULOS, and STEFAN
LocHBRUNNER — Universitiat Rostock, Institut fiir Physik, 18055 Ro-
stock

Coherent anti-Stokes Raman scattering (CARS) spectroscopy is a pow-
erful tool to investigate vibrational modes and their pure dephasing
parameters. We present a CARS technique which involves a broad-
band, coherent excitation of one or several vibrational modes covering
a broad range of vibrational frequencies via a femtosecond, broadband
Stokes and a narrowband Raman pump beam. The coherent super-
position is probed with a narrowband probe beam in the ps range.
For this purpose we developed a narrowband ps - non-collinear optical
parametric amplifier (NOPA) that allows us to measure CARS time
traces with significant higher spectral resolution compared to other fs-
CARS setups without losing the ability to monitor dephasing times
by the use of time-delayed probe pulses. The capability of the here
presented setup is demonstrated by applying this method to different
model systems. We show characteristic CARS spectra including nu-
merical simulations of the signal that allows the determination of the
energetic position of vibrational modes as well as the dephasing time
Ts.

MO 1.6 Mon 12:00 V38.03
FTIR- and Ramanspectroscopy of Substituted Paracyclo-
phane Molecules — ¢JORG HERTERICH, SUSANNE ZEISSNER, INGO
FiscHER, and THIEMO GERBICH — Institute of Physical and The-
oretical Chemistry, University of Wiirzburg, Am Hubland, D-97074
Wiirzburg

The vibrational structures of three paracyclophanes were in-
vestigated, ortho-dihydroxy-[2.2]paracyclophane (o-DHPC), mono-
hydroxy|2.2]paracyclophane (MHPC) and 2,11-dithia[3.3]paracyclo-
phane.

Gas-phase infrared spectroscopy helps to identify the most stable
isomer in the gas phase, while FT-Raman spectroscpy permits to
study the low-frequency vibrations that give insight into the pi-pi-
interactions of the molecules. For o-DHPC the IR spectrum confirms
that the EZ rotamer dominates, while for MHPC the spectra indicate
a larger contribution of the Z rotamer than expected. The Raman
spectrum of 2,11-dithia|3.3]paracyclophane showed a dominance of the
trans isomer. The Raman spectra also show that the wavenumber of
the lowest frequency twist mode is overestimated by density functional
theory in all three molecules.

MO 1.7 Mon 12:15 V38.03
IR spectroscopy on liquid hydrogen isotopologues — eRoOBIN
GrossLE — KIT (Karlsruhe Institute of Technology), Institute for
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Technical Physics - Tritium Laboratory Karlsruhe, Germany

Future fusion facilities like ITER and DEMO will have huge amounts
of tritium and deuterium circulating in their systems as fuel for the
fusion plasma. The T» inventory of first generation power plants will
be about 2 to 3 kg, with a throughput of aprox. 1 kg per hour. One
important capability of the T% cycle is to reprocess unburned fuel and
to purge tritium and deuterium. For hydrogen isotopologue processing
the Isotope Separation System (ISS) is available, applying a cascade
of cryogenic distillation columns to enrich the Ts.

Before reinjecting the tritium back to fusion process, its purity
has to be measured without disturbing the distillation process. IR~
spectroscopy is being examined as a reliable; reproduceable, fast and
non invasive analytic technique for composition analysis of liquid hy-
drogen mixtures.

There are several major challenges on the way to a reliable IR mea~
surement method: On the one hand the hydrogen sample has to be
cooled to temperatures of about 20 Kelvin. And on the other hand
the IR source and the detector are at room temperature. So enough
cooling power and a sufficient thermal insulation are required. But
also the analysis of IR spectra is not straight forward due to the over-
lap of spectral features from the six (H2,HD,D2,HT,DT,T2) hydrogen
molecules.

MO 1.8 Mon 12:30 V38.03

Raman Studies of Ionic Liquids with Weakly Coordinating
Anions — SusaNa CHATZIPAPADOPOULOS!, e FRANK FRIEDRISZIK!,
DaniELa KerLE2, OLiveR KUHN!, STEFAN LOCHBRUNNER!, RALF
Lupwic?, MarrHias LUTceENs!, and CurisTiAN Rorn? —
LUniversity of Rostock, Institute of Physics — 2University of Rostock,

Institute of Chemistry

The role of hydrogen bonds in ionic liquids (ILs) is subject of intensive
current research. Imidazolium-based ILs show clear hints for hydro-
gen bonds [1]. In addition Lasségues et al. [2] argue that overtones
of the aromatic ring chain vibrations interact with C-H groups in the
ring in case of weakly coordinating anions and can explain IR and
Raman spectra without involving hydrogen bonds. To clarify the in-
terpretation of vibrational spectra in the regions of the C-H stretch
modes of the alkyl chain and the imidazolium ring we investigate ILs
by linear Raman and IR spectroscopy. Time-resolved measurements
characterizing dephasing processes are done by coherent anti-Stokes
Raman spectroscopy (CARS). First experimental results will be pre-
sented and discussed in the light of molecular dynamics simulations
and quantum chemical calculations.

[1] K. Fumino, A. Wulf, R. Ludwig, Angew. Chem. Int. Ed. 2008,
47, 8731 - 8734

[2] J.-C. Lassegues, J. Gronding, D. Cavagnat, P. Johansson, J. Phys.
Chem. A 2009, 113, 6419 - 6421

MO 2: Electronic Spectroscopy

Time: Monday 10:30-12:15

MO 2.1 Mon 10:30 V38.02
Photoionisation of the C3H2 isomer Propargylene —
eMICHAEL STEINBAUER!, MELANIE Lang!, INco FiscHErR!, BAR-
BARA K. CunHA DE MIRANDAZ, CLAIRE RoMANZIN?, and CHRISTIAN
Avrcaraz? — lInstitute of Physical and Theoretical Chemistry, Uni-
versity of Wiirzburg, Am Hubland, D-97074 Wiirzburg, Germany —
2Laboratoire de Chimie Physique, Bat 350, UMR 8000 CNRS & Uni-

versité Paris-Sud 11, F-91405 Orsay, France

Our group examines the structure and dynamic of reactive intermedi-
ates like radicals and carbenes in the gas phase. These species play an
important role in the formation of soot in combustion processes or in
the chemistry of interstellar space.

Synchrotron radiation as a tunable light source along with Threshold
Photoelectron Photoion Coincidence (TPEPICO) spectroscopy can be
used to determine ionization energies (IE) of such molecules. As ex-
ample the threshold photoelectron spectrum of the transient species
propargylene, one of three C3H2 isomers, is presented. The challenge
in these experiments is the handling of the precursor, diazopropar-
gylene. This precursor has to be synthesized in advance for every
measurement, is explosive and therefore difficult to handle. However
we were able to determine the IE of propargylene and of its precur-
sor. Also the dissoziative photoionization of the precursor has been
evaluated.

In the talk these results will be presented and compared to the other
isomers.

MO 2.2 Mon 10:45 V38.02
Investigation of a borylene with synchrotron radiation —
oKATHRIN FI1scHER!, MICHAEL SCHNEIDER!, ANDRAS B6DI?, BERND
PraFFINGER®, HoLGER BRrauUNscHwElG3, and INco Fiscuer! —
nstitut fiir Physikalische Chemie, Universitit Wiirzburg, Wiirzburg,
Deutschland — 2Paul Scherrer Institut, Villigen, Schweiz — 3Institut
fiir Anorganische Chemie, Universitat Wiirzburg, Wiirzburg, Deutsch-
land

With the help of synchrotron radiation the borylene complex
[(OC)5Cr=B=N(SiMe3)2] was ionized and its dissociation studied.
The TEPEPICO method was employed and the experiments were car-
ried out at the Swiss Light Source (SLS). The most important disso-
ciation channels were analyzed and the ionization energy (IE) as well
as the appearance energies (AE) determined. The CO ligands dissoci-
ate sequentially. The dissociation process was quantitatively modeled
within the framework of the SSACM and RRKM theory.[1]

[1] B. Sztaray, A. Bodi, T. Bear, J. Mass. Spectrom., 2010, 45, 1233
- 1245.

MO 2.3 Mon 11:00 V38.02

Location: V38.02

Photoionisation of fluorenyl and diphenylmethyl — eMELANIE
Lanc — Institute of Physical and Theoretical Chemistry of Wiirzburg,
Am Hubland, D-97074 Wiirzburg, Germany

Due to environmental and health issues it is useful to reduce or
prevent the formation of soot and polycyclic aromatic hydrocarbons
(PAH). Therefore understanding soot and PAH formation is essential.
We examined two radicals, fluorenyl (C13HoBr) and diphenylmethyl
(C13H11) which are possible intermediates in hydrocarbon combustion.
We used Synchrotron radiation as a tunable light source to carry out
Threshold Photoelectron Photoion Coincidence (TPEPICO) Spec-
troscopy to determine ionization energies (IE) of both radicals. We
used 9-bromofluorene (C13HgBr) as a precursor to create the fluorenyl
and benzhydrylamine (C13H11NH2) as precursor for diphenylmethyl
radical by flash pyrolysis. As both are solids at room temperature both
precursors had to be heated to be transferred in the gas phase. The
resulting threshold photoelectron spectra (TPES) of both radicals are
presented. The extracted IE values are compared to previous results of
other groups gained by electron impact experiments. For fluorenyl the
comparison shows good agreement with the other results. In contrast
the IE of diphenylmethyl detected by the TPES differs from the IE
obtained by electron impact techniques. Reasons for this observation
will be discussed. Since the precursor dissociative photoionization be-
comes important at moderate excess energies, it might be discussed
whether experiments with different precursors should be carried out in
addition.

MO 2.4 Mon 11:15 V38.02
Photoionization of hydroxy-substituted [2.2]paracyclophanes
with VUV synchrotron radiation — ePaTrick HEMBERGER!,
CHRISTOF ScHON?, ANDRAS Bobpr!, MICHAEL STEINBAUERZ,
KararIN H. FiscHER2, and INco FiscHER?Z — 1Paul Scherrer Insti-
tute, Molecular Dynamics Group, CH-5232 Villigen PSI — 2Institute
of Physical and Theoretical Chemistry, University of Wuerzburg, Am

Hubland, D-97074 Wuerzburg

m-conjugated molecules are widely applied in optoelectronic devices
such as organic light emitting diodes. Paracyclophanes are possible
new candidates to expand the variety of these materials because of
their interesting physical properties, like the coupling between the two
benzene rings. The photoionization and dissociative photoionization
of hydroxy-substituted [2.2]paracyclophanes were investigated at the
VUV beamline of the Swiss Light Source, especially the substituent
effects on the ionization energies when the benzene frameworks are
hydroxy-substituted. At a photon energy of around 10 €V, the sample
starts to dissociatively photoionize. The most prominent channel is the
dissociation of both C-C bonds of the CH2-CH2 bridges in para posi-
tion between the two phenol rings leading to the molecule fragmenting
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in half. The data were subsequently modeled in order to obtain ap-
pearance energies, which then lead to bond dissociation energies and
other thermochemical data. In addition calculations were performed,
which reveal that even DFT functionals, which take into account dis-
persion interactions (w-B97XD), fail to predict the appearance energies
correctly.

MO 2.5 Mon 11:30 V38.02
Spectroscopic Studies of the Electron Transfer in a
Photocatalytic System based on an Ir(III)-Complex —
e ALEXANDRA Pazipis!, ALekses FriepricH!, ANTIE NEUBAUER!,
FeLix GARTNER2, HENRIK JUNGEZ, MaTTHIAS BELLER2, and STE-
FAN LocHBRUNNER! — lInstitut of physics, University of Rostock,
Germany — 2Leibniz Institut for Catalysis Rostock, Germany

Iridium (III)-complexes have recently gained attention as photo-
sensitizers in homogeneous water-reducing systems.

We investigate the excited state dynamics of [Ir(ppy)2(bpy)]™ (Ir-
PS) in a photocatalytic system for hydrogen generation. In the pri-
mary reaction steps, the Ir(III)-complex is exited by light and relaxes
to the lowest excited triplet state. Subsequently, it is reduced by tri-
ethylamine (TEA) as sacrificial reductant and transfers an electron to
an iron-complex, which finally reduces the water to hydrogen.[1]

Emphasis is paid to monitor the processes on different time scales:
The time range from fs to ns is investigated by transient absorption
spectroscopy, luminescence measurements with a streak camera are
done with ps to ms time resolution and real-time irradiation and ab-
sorption measurements are used to follow subsequent chemical reac-
tions up to a duration of some minutes.

Rate constants for the quenching of the Ir-PS by TEA and by the
iron-complex are determined and a interpretation of involved species
is given.

References [1] F. Gértner et al., Angew. Chem. 121, 10147 (2009).

MO 2.6 Mon 11:45 V38.02
Intrinsic Luminescence of Diamondoids in the Ultra-Violet

Spectral Region — ePuiLipp Reiss!, Davib WoLTeEr?, ToR-

BJORN RANDER?, RoBERT RicHTER?, PETER ScCHREINER®, ARNO
EnreEsMANN', and THoMAS MOLLER? — !Institut fiir Physik, Univer-
sitit Kassel, 34132 Kassel — 2Institut fiir Optik und Atomare Physik,
Technische Universitét Berlin, 10623 Berlin — Institut fiir Organische

Chemie, Justus-Liebig-Universitiat Giessen, 35392 Giessen

Clusters and nanocrystals with semiconducting properties are of in-

terest for science and industry due to their size-dependent electronic
structure. While currently only direct band gap semiconductors like
GaAs are used in light-emitting devices, luminescence of Silicon nanos-
tructures has already been discovered in 1990 and drew attention to
the light emission of elemental indirect band gap semiconductor nanos-
tructures. Despite the focus on Si, the underlying origins of the lumi-
nescence which are still not fully determined are expected to be of a
more universal nature.

Dispersed luminescence and total luminescence yields of various
types of diamondoids have been recorded after photoexcitation with
synchrotron radiation. Both the excitation energies end photoemission
spectra are in the ultraviolet spectral range. Strong dependencies of
emission and absorption spectra on the size and shape of the diamon-
doids have been measured.

MO 2.7 Mon 12:00 V38.02

Resonant x-ray emission spectroscopy as a tool to study
the Hofmeister series in liquids — eZnonc Yin!, KATHARINA
Kusicek!, Ivan Raskovic!, WiLson Quevepo!, Brian KENNEDY?Z,
KrisTian Kunnus?, Simon ScHreck®, FrRanz HENNIES?, PHILIPPE
WERNET?, ALEXANDER FoHLIsCH?%, and SiMoNE TECHERT! —
I Max-Planck-Institut fiir biophysikalische Chemie, Am Fafberg 11,
37077 Gottingen, Germany — 2MAX-Lab, Lund University, 22100
Lund, Sweden — 3BESSY, Albert-Einstein-Strafe 15, 12489 Berlin,
Germany — 4Uniersitdt Potsdam, Karl-Liebknecht-Strafe 24-25,

14476 Potsdam, Germany

Understanding the role of inorganic salts in chemical and biological sys-
tems is one of the intriguing objectives in current chemical research.
Based on their relative entropies of solvation and on their ability to
salt-out proteins or denature proteins ions could be classified to be
structure makers or breakers (Hofmeister series). The fundamentals
underlying this behavior still "remain[s| unexplained by present the-
ories of physical chemistry". Furthermore, static soft XAS measure-
ments yielded sometimes conflicting results. Recently we performed
static x-ray emission spectroscopy (XES) experiments at synchrotrons.
The differences in the water oxygen K-edge spectra of liquid water and
different aqueous salt solutions were studied, tuning the photon energy,
thus addressing core-levels in an element- and site-specific way. Data
analysis is currently ongoing and shows already promising, intermedi-
ate results which should significantly contribute to our understanding
of solution chemistry.

MO 3: Quantum Chemistry

Time: Monday 14:00-16:00

Invited Talk MO 3.1 Mon 14:00 V38.02
Quantum chemical description of photo-induced molecular
processes — eANDREAS DREUW — Interdisziplindres Zentrum fiir
wissenschaftliches Rechnen, Univeristdt Heidelberg, Deutschland

The development of quantum chemical methods and their application
to photo-induced processes in chemistry, biology and physics is one
of the most active research fields of contemporary theoretical chem-
istry. Here, we review briefly existing theoretical approaches and own
developments in this field focussing on time-dependent density func-
tional theory and the algebraic diagrammatic construction (ADC) of
the polarisation propagator. It will be shown how quantum chemical
calculation can lead to an in depth understanding of electronic spectra.
Results for photo-electron spectra of small molecules will be shown and
the two-poton absorption spectrum of octatetraene will be analyzed.

MO 3.2 Mon 14:30 V38.02
Static and Frequency Dependent Dipole Polarizabilities from
the Ground-State Electron Density — eVIvEKANAND GOBRE!,
RoBERT DiStasio Jr.2, MaTTHIAS SCHEFFLER!, and ALEXANDRE
TrarcHENKO! — lFritz-Haber-Institut der MPG, Berlin, Germany

— 2Princeton University, Princeton, NJ, USA

Molecular polarizability is an essential observable, and its accurate
determination is important, e.g., for calculation of van der Waals in-
teractions. Accurate polarizability calculations in principle require
computationally expensive electronic structure methods with an ex-
plicit treatment of many-electron excitations. These methods can
only be applied to systems with less than about 100 atoms. How-

Location: V38.02

ever, one is often faced with the problem of computing polarizabilities
for large systems with thousands of atoms. We present a parameter-
free computationally efficient approach to calculate accurate static and
frequency dependent polarizabilities for molecules and non-metallic
solids. Specifically, we link the TS-vdW [1] method, which accurately
treats hybridization effects, with the self-consistent screening equation
from classical electrodynamics [2]. Using only the electron density
and reference data for the free atoms, we obtain an accuracy of about
7% for both static polarizabilities and van der Waals coefficients for a
wide variety of systems. We illustrate the interplay of hybridization
and long-range electrostatic screening effects for the polarizability of
large proteins and condensed-matter systems. [1] A. Tkatchenko and
M. Scheffler, PRL 102, 073005 (2009); [2] B. U. Felderhof, Physica 76,
486 (1974).

MO 3.3 Mon 14:45 V38.02
Relativistic time-dependent density functional theory and ex-
cited states calculations for the Zn2 and Cd2 dimers. —
eOssaMa KurLLiE — CNRS et Universit’e de Strasbourg, Institut de
Chimie, Laboratoire de Chimie Quantique, 1 Rue Blaise Pascal, F-
67008 STRASBOURG cedex, France. ossama.kullieQunistra.fr

In this work I present a (time-dependent) density functional study of
the low-lying excited states as well the ground states of the zinc and
cadmium dimers Zn2 and Cd2. I analyze the spectrum of the dimers
obtained from all electrons calculations which are performed using
time-depended density functional with a relativistic 4-components-,
and spin-free-Hamiltonian [1]. I will show results for different well-
known density functional approximations, in comparing with literature
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and experimental values, the results are very encouraging, especially
for the lowest excited states of these dimers. However, the results
show that only the long-range corrected functionals such CAMB3LYP
gives the correct asymptotic behavior for the higher states, for which
the best result is obtained, and a comparable result is obtained from
PBEO functional. An outlook for Hg2 and possibly Cn2 dimers will be
given. [1] O. Kullie, to be published in JPB (2012).

MO 3.4 Mon 15:00 V38.02
Auger spectrum of a water molecule after single and double
core ionization — eLUDGER INHESTER, CARL F'. BURMEISTER, GER-
RIT GROENHOF, and HELMUT GRUBMULLER — Max Planck Institut
fiir biophysikalische Chemie, G6ttingen

The high intensity of Free Electron Lasers (FEL) opens up the possibil-
ity to do single-shot molecule scattering experiments. However, even
for small molecules radiation damage induced by absorption of high
intense x-ray sources is not yet fully understood. To provide insight
into this process, we have studied the dynamics of a water molecule in
single and double core ionized states by means of electronic transition
rate calculations and ab initio molecular dynamics (MD) simulations.
From MD trajectories photoionization and Auger transition rates were
computed based on electronic continuum wavefunctions obtained by
explicit integration of the coupled radial Schrédinger equations. To
account for the nuclear dynamics during the core hole lifetime the
calculated electron emission spectra for different molecular geometries
were accumulated according to time-dependent populations.

We find that, in contrast to the single core ionized water molecule,
the nuclear dynamics for the double core ionized water molecule during
the core hole lifetime strongly affects the resulting electron emission
spectra. In addition, the lifetime of the double core ionized water
was found to be significantly shorter than half of the single core hole
lifetime.

MO 3.5 Mon 15:15 V38.02
Theoretical investigation of the X-ray adsorption spectra
(XAS) of charged chromium-gold clusters using DFT. —
eRoLF WURDEMANN, KLAUS ZIMMERMANN, and MICHAEL WALTER
— Freiburger Materialforschungszentrum, Freiburg, Germany

Current research using X-ray adsorption spectroscopy (XAS) exhibits
a interesting behaviour of the AuaCrT molecule. While one would
expect, that the XAS-spectrum of the charged AusCrt dimer differs
from the XAS-spectrum of the neutral chromium atom, the spectra are
nearly identical. This effect is also known from the charged chromium
dimer, where the spectra of the charged dimer and the neutral atom
where nearly identical.

Keeping this in mind, we discuss the magnetic ordering, potential

energy surface (PES), binding energies and -distances of the charged
AusCrt molecule using DFT and compare this with other small
AunCrt molecules (n<=5) and the charged chromium dimer.

MO 3.6 Mon 15:30 V38.02
Theoretical study of Ir(III) based systems for photocat-
alytic water splitting — eSERGEY BOKAREV, OLGA BOKAREVA,
and OLivErR KUHN — Institut fiir Physik, Universitdt Rostock, Ros-
tock, Deutschland

Photocatalytic water splitting into hydrogen and oxygen is a very at-
tractive direction in the search for new energy sources. Omne of the
schemes for a homogeneous water splitting solar cell involves an Ir(III)
containing photo-sensitizer, a Fe(II) catalyst, and the sacrificial reduc-
tant [1]. In the present work, we focused on the first stage of the pro-
cess involving the structure of the ground and lowest excited electronic
states of [Ir(ppy)2(bpy)]+ and a number of derivatives in oxidized and
reduced forms and their interaction with a sacrificial reductant. Based
on the results of TDDFT (LC-BLYP) and CASSCF calculations we
assigned the bands in the UV-Vis absorption spectrum and proposed
a scheme for the photophysical and photochemical processes involving
the lowest excited states of Ir(III) photosensitizers. 1. F. Gértner et
al. Angew. Chem. Int. Ed. 2009, V. 48, P. 9962.

MO 3.7 Mon 15:45 V38.02
DFT Study of Charged Gold Clusters in Different Environ-
ments — eALEXANDER HELD and MicHAEL WALTER — FMF Uni
Freiburg, Germany

The charge dependent cluster capacitance C(z) of gold nanoparticles is
investigated in different environments using density functional theory
(DFT) calculations.

In the gas phase, C(z) is influenced primarily by electronic shell
closing effects and the spatial extent of the excess charge. For gold
nanoparticles prepared in a wet chemical process, the ligands may af-
fect the cluster capacitance in different ways. Recent experimental re-
sults show evidence for quantized charging effects of quasi-unprotected
gold nanoparticles in the ionic liquid [C4mim][BF4] for the first time.
A peak like shape of C(z) has been observed. This feature is repro-
duced by our DFT model calculations and is found to originate from a
polarity inversion of the ionic liquid surrounding the nanoparticles [1].

Furthermore, the DFT results are interpreted with an electrostatic
model. Within the parameters of this model, different shapes of C(z)
occur, suggesting further experimental investigations and comparison
to other theoretical approaches.

[1] S. F. L. Mertens, C. Vollmer, A. Held, M. H. Aguirre, M. Walter,
C. Janiak and T. Wandlowski, Angew. Chem. Int. Ed. 2011, 41, 9735
- 9738

MO 4: Cold Molecules |

Time: Monday 14:00-16:00

MO 4.1 Mon 14:00 V38.03
Statistical multichannel quantum defect theory for resonant
scattering of ultracold atoms and molecules — eMICHAEL
MavLE, BranpoN P. Ruzic, and Joun L. Boun — JILA, University
of Colorado and NIST, Boulder, Colorado, USA

With the advent of state-resolved, ultracold samples of ground state
molecules, novel opportunities arise to explore the physics of cold and
ultracold molecular collisions. We revisit ultracold atom-molecule scat-
tering by employing a multichannel quantum defect theory treatment
that makes a clean distinction between the physics of the complex,
which is pertinent when the colliding species are close together, and the
physics of the long-range scattering, which is sensitive to such things
as the hyperfine states of the atoms and molecule, the low collision en-
ergy, and any applied electromagnetic fields. This allows us to describe
long-range interactions by means of a few quantum defect parameters
while for the short-range part we apply the methods of random matrix
theory. Uniting these two techniques, we can assess the influence of
highly-resonant scattering in the threshold regime, and in particular
its dependence on the hyperfine state selected for the collision.

MO 4.2 Mon 14:15 V38.03
Low energy rare gas - alkali scattering experiments —
eMATTHIAS STREBEL, BERNHARD RUFF, MARCEL MUDRICH, and

Location: V38.03

FrANK STIENKEMEIER — Physikalisches Institut, Universitat Freiburg,
Hermann-Herder-Str. 3, D-79104 Freiburg

In order to investigate reactive and non reactive collisions between
atoms and molecules at very low scattering energies, a magneto-optical
trap (MOT) for ultracold “Li atoms is combined with a rotating nozzle
setup for producing slow beams of cold molecules. Studying reactive
scattering processes with collision energies down to 1 meV, we expect
to get insight into the quantum mechanical nature of cold reactions.

First measurements of differential and integrated cross sections of
elastic collisions with rare gases already show interesting features like
rainbow scattering or glory undulations. The suitability of a MOT as
a scattering target for low-energy collision experiments with regard to
the particular kinematics resulting from a resting target and diagnos-
tics such as fluoresence imaging as a measure for integral cross sections
is discussed.

MO 4.3 Mon 14:30 V38.03

Long-range interactions in cold atomic and molecular sam-
ples — MaxeNcE LepeERrs!, RomaIiN VExiaul!, MIREILLE AvyMAR!,
BEaTrICE Bussery-Honvaurr?, JEan-Frangols Wyarr!, Napia
Bouroural, and eOrivier DuLieu! — llaboratoire Aimé Cotton,
CNRS, Université Paris-Sud, Orsay, France — 2Laboratoire Interdisci-

plinaire Carnot de Bourgogne, Université de Bourgogne, Dijon, France



Molecular Physics Division (MO)

Monday

Long-range interactions play a crucial role in cold and ultracold physics
and chemistry, for example on elastic, inelastic and reactive collisions
between atoms and molecules. In this work, we have characterized the
long-range interactions for a wide variety of systems being of strong
experimental interest. We have calculated the asymptotic electrostatic
interaction energy between alkali-metal atoms and diatomic molecules,
between erbium atoms, and between oxygen atoms and molecules. In
particular, we have focused our study on the Van der Waals contri-
bution which requires a detailed knowledge of the energy spectrum of
the two interacting partners. Improved values of dynamic polarizabil-
ities based on accurate ab initio calculations as well as on up-to-date
spectroscopic analysis have been determined.

We have obtained a huge dispersion in the Van der Waals coeflicients,
ranging from a few tens of atomic units for O+0Os, to a few 10° atomic
units for polar diatomic molecules in their ground rovibrational level.
In the atom-diatom case, we have shown that for sufficiently small dis-
tances the rotational levels of the diatomic molecule can be coupled
due to the presence of the partner, leading to a complex pattern of
potential energy curves, and possibly a complex collisional dynamics.

MO 4.4 Mon 14:45 V38.03
The excited level of the 2po, electronic state in H;’ — oT1M-
OrLivER MULLER and HARALD FRrIEDRICH — Technische Universitét
Miinchen

In Ref. [1] a new weakly bound vibrational level of the H;L molecu-
lar ion with a binding energy of only 1.0851 x 10~%a.u. ~ 30neV is
predicted from three-body calculations. It is the (rotationless) excited
vibrational level v = 1 of the 2poy, electronic state.

It is argued in [1] that calculations using the asymptotic expansion of
the effective two-body potential for the ungerade state given by Lan-
dau [2] can reproduce neither the bound state energy of the v = 1 state
nor the scattering properties with sufficient accuracy.

We point out that the v = 1 vibrational state can well be described
as a bound state in the distant well of the enhanced p-H two-body
potential [3] with a binding energy of 0.9749 x 10~%a.u., very close to
the exact result (= 10%). The exact scattering properties including
the scattering length are also reproduced with good accuracy.

[1] Carbonell J., et al., Europhys. Lett. 64, 316, (2003)

[2] Landau L. D., and Lifschitz E. M., Theoretische Physik 3, Quan-
tenmechantk (Akademie-Verlag, Berlin) 1965, p.305.

[3] Damburg R. J., and Propin R. Kh., J. Phys. B 1 681 (1968).

MO 4.5 Mon 15:00 V38.03
Two-Photon-Spectroscopy of YbRb-Towards paramagnetic
molecules — FraNnk MuUNcHOW, eCRISTIAN BRUNI, MAXIMILIAN
MapaLinskl, and AXEL GORLITZ — Institut fiir Experimentalphysik,
HHU Diisseldorf, 40225 Diisseldorf

Ultracold heteronuclear molecules offer fascinating perspectives rang-
ing from ultracold chemistry to novel interactions in quantum gases.
Here we report on the spectroscopic investigation of vibrational lev-
els in the electronic ground state of the heteronuclear molecule
176yh87Rb. Using two-photon photoassociation spectroscopy in a
laser-cooled mixture of 176Yb and 8"Rb we are able to determine
the binding energies of weakly-bound vibrational levels. By means of
Autler-Townes spectroscopy we obtain transition rates between vibra-
tional levels of different molecular states. This knowledge is a crucial
step towards the realization of YbRb ground state molecules.

MO 4.6 Mon 15:15 V38.03
Kalte Reaktionen von Kohlenwasserstoff-Ketten mit Ho —
eERrIc ENDRES, THORSTEN BEST und RoLaAND WESTER — Institut f.
Tonenphysik und Angewandte Physik A-6020 Innsbruck

Die Entdeckung der ersten molekularen Anionen hat eine intensive Su-
che nach weiteren Anionen in verschiedenen astronomischen Objekten
ausgelost. Als erstes wurde CgH™ im Labor und in dichten moleku-
laren Wolken identifiziert [1]. Eine genaue Analyse dieses Molekiilions
ist somit von wesentlicher Bedeutung.

Experimente zum Photodetachment [2] und zu Reaktionen bei

Raumtemperatur mit den atomaren Partnern H, N bzw. O [3] wur-
den bereits durchgefiihrt. Bei der Reaktion von negativ geladenen
Kohlenwasserstoff-Ketten mit molekularem Wasserstoff liegen noch
keine Resultate vor. Jedoch gibt es Hinweise, dass diese eher lang-
sam ablaufen (k<107 13cm3s™1) [3]. Wegen der Hiufigkeit von Hg im
interstellaren Medium ist die genaue Kenntnis der Reaktionsrate der
Reaktion dennoch bedeutsam.

Eine kryogene 22-Polige Radiofrequenz-Ionenfalle ermoglicht uns bei
langen Speicherzeiten auch die Beobachtung selten ablaufender Re-
aktionen. Dariiber hinaus ist die Temperatur der Falle zwischen 8K
und 300K einstellbar, so dass eine mogliche Temperaturabhéngigkeit
der Reaktion, unter astrophysikalischen Bedigungen, gemessen werden
kann [4]. Der aktuelle Stand der Messung wird berichtet.

[1] McCarthy et al. Ap.J. 652:L141 (2006); [2] Best et al. Ap.J. 742:63
(2011); [3] Eichelberger et al. Ap.J. 667:1283 (2007); [4] Otto et al.
Phys. Rev.Lett. 101:063201 (2008)

MO 4.7 Mon 15:30 V38.03
Position oscillations in ordinary space probed by asymmetries
in doppler shifted Auger-ion coincidence spectra — eTORALF

LiscHKE!, GRreEcorR HARTMANN!, ANDRE MEIsSNER!, RAINER

Hentces!, BurkuarRD LaNceErR?, Uwre Brcker!3, and Owmar
AL-DossARY® — 1Fritz-Haber-Institut der Max-Planck-Gesellschaft,
Berlin, Germany — 2Freie Universitdt Berlin, Berlin, Germany —

3King Saud University, Rhiyad , Saudi Arabia

Inversion symmetry erases the distinction between left and right po-
sitions in ordinary space. Instead, coherent superpositions of both
sites gerade and ungerade states are built, which are energetically non-
degenerate. Superimposing these superpositions should give rise to
reestablishment of the original position states which should, however,
oscillate with a frequency proportional to the energy difference between
the original gerade and ungerade states. We show indirect evidence for
this behavior in ordinary space analogous to the already observed be-
havior in flavor space. This behavior was an oscillation between the
two strangeness components K and K over time. We observe such an
oscillation in ordinary space in an indirect way by probing the asymme-
try between so called right and wrong Doppler shifted components of
resonant Auger electrons following K-shell photo excitiation of O3. By
selecting two types of resonant Auger transition with severely different
Auger lifetimes we could make predicitons on the expected asymmetry.
The asymmetry values of approximately 0.3 and 0.0 for the two cases
predicted by our model could be unexpectedly well verified.

MO 4.8 Mon 15:45 V38.03
The effect of orientation in molecular double-slit experiments
— eGREGOR HARTMANN!, MARKUS BRAUNEZ, ANDRE MEISSNER!,
ToraLF LiscHkE!, and Uwe BEckerR! — lFritz-Haber-Institut der
Max-Planck Gesellschaft, Faradayweg 4-6, 14195, Germany — 2DESY,

Notkestr. 85, 22067 Hamburg, Germany

Molecular double-slit experiments are a subject of high actual inter-
est for the study of entanglement in ordinary space. The interference
pattern observed on a screen in regular macroscopic double-slit ex-
periments are exhibited as oscillations of the partial photoionization
cross section of homonuclear diatomic molecules, the prototype of a
molecular double-slit experiment. These oscillations were predicted
already more than 40 years ago by Cohen and Fano and were exper-
imentally verified by many groups since than. However, Cohen and
Fano prediction was for randomly oriented molecules integrating over
all possible directions of the molecular axis. Nowadays it is also pos-
sible to measure the photoionization properties of oriented molecules.
The most fundamental system for such studies is molecular hydrogen.
Here we present measurements of the same interference properties but
performed on an oriented sample of Hg molecules. The experimental
data cover an energy range from 20 to 500 eV electron kinetic energy.
The results show a clear phase shift of /2 with respect to the random
sample due to the differentiation of the integral axis orientation sample
transformimg a sin curve into a cos curve. This differentiation effect
could be unambigously proved for the first time.
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MO 5: Experimental Techniques

Time: Monday 16:30-19:00

MO 5.1 Mon 16:30 V38.02
High Energy Velocity Map Imaging for Experiments at FEL
— eAxEL HUNDERTMARK!Y2, ARNAUD Rouzgr!?, PER JOHNSSONS,
and MarcJ.J. VRakkiNgD2 — 'Max-Born-Institut, Max-Born Strafie
2A, D-12489 Berlin, Germany — 2FOM Institute AMOLF, NL-1098
XG Amsterdam, Netherlands — 2Department of Physics, Lund Uni-
versity, Post Office Box 118, SE-22100 Lund, Sweden

Free Electron Lasers (FEL) offers high photon flux in the VUV /X-ray
regime with fs pulse duration. Such conditions give the opportunity to
study multi-photon multiple ionization of atoms or molecules in this
photon range and in combination with a time delayed laser allow to
carry out pump-probe experiments. We present preliminary results ob-
tained at the Linac Coherent Light Source (LCLS) and Free-electron
Laser in Hamburg (FLASH) on the multi-photon ionization of rare gas
atoms, the ionization dynamics of Br2 molecule and on the molecular
alignment of CO2 molecules induced by a first laser excitation. The
measurements were done with a newly developed high energy Velocity
Map Imaging spectrometer (VMIs) which records the photoelectron
angular distribution over an energy range that can extant to 1.5 keV.

MO 5.2 Mon 16:45 V38.02
Characterisation of a high resolution spatial map ion imag-
ing setup — JOHANNES VON VANGEROW!, e MARTIN STEI', ADITYA
KELKAR!, Rico OrTo!2, THORSTEN BEsT!, and RoLAND WESTER!
— !Institut fiir lTonenphysik und Angewandte Physik, Universitét Inns-
bruck — 2now at: Department of Chemistry, University of California,
San Diego

Over the past decade velocity map imaging (VMI) [1] has emerged as
a well established and widely used technique for studying molecular
reaction dynamics. The electrostatic lens arrangement of a VMI spec-
trometer also provides the flexibility to operate in spatial map imaging
(SMI) mode. In recent years efforts have been directed towards apply-
ing the SMI technique for imaging biological tissue as well as for beam
profiling of neutral, ion and laser beams [2,3]. However, a detailed
characterisation in terms of resolution and imaging properties is still
missing. Here we report the characterisation of the spatial map imag-
ing mode of our 3D VMI spectrometer using multi-photon ionisation of
toluene in a focused laser beam. A spatial resolution better that 5 yum
and a 3 dimensional SMI mode will be demonstrated and compared
with simulations.

[1] A. T. Eppink, D. H. Parker, Rev. Sci. Instrum. 68, 3477 (1997)

[2] M. Brouard, A.J. Johnsen, A. Nomerotski, C.S. Slater, C. Val-
lance, and W.H. Yuen, JINST 6, C01044, (2011)

[3] M. Schultze, B. Bergues, H. Schréoder, F. Krausz and K. L.
Kompa, New J. Phys. 13, (2011)

MO 5.3 Mon 17:00 V38.02
Instrumentierung und Messungen von Photoelektron-
Photoionkoinzidenzspektren — eSascHAa DEINERT, LEIF GLASER,
Markus ILcHEN, FRANK ScHoOLz, JORN SELTMANN, PETER WALTER
und JENs VIEFHAUS — Deutsches Elektronen Synchrotron, Notkestra-
e 85, 22609 Hamburg

Zur effizienten Messzeitnutzung an Synchrotronstrahlungsquellen wur-
de ein Spektrometer fiir Photoelektron-Photoionkoinzidenzen entwi-
ckelt. Mit Simulationen (Simion, Mathematica) wurde das konventio-
nelle Konzept (z.B. [1]) optimiert, das ein kurzes Flugzeitspektrometer
fiir den effizienten Ionennachweis [2| kombiniert mit einem Flugzeit-
spektrometer, welches mittels magnetischer Flasche die in den gesam-
ten Raumwinkel emittierten Photoelektronen nachweisen kann [3].

Nach einer instrumentellen Beschreibung werden Messungen zur ato-
maren und molekularen Photoionisation vorgestellt, die an der BW3-
Beamline bei DORIS/DESY in Hamburg vorgenommen wurden und
das Potential der Spektrometerkombination fiir geplante Messungen
am PO04-Strahlrohr bei PETRA III aufzeigen.

[1] P. Kruit, F.H. Read, J. Phys. E 16 (1983) 313

[2] C. Wiley, I.H. McLaren, Rev. Sci. Instrum. 26 (1955) 1150

[3] H.D. Eland, R. Feifel, Chemical Physics 327 (2006) 85*90

MO 5.4 Mon 17:15 V38.02
Design of a new pixel type position sensitive anode for
ion and electron spectroscopy — ®ANDRE MEISSNER!, GRE-
cor HarRTMANN!, ToraLF Liscuke!, Uwe Beckier!3, BURKHARD

Location: V38.02

LanceEr?, and OMAR AL-DossaRy? — Fritz-Haber-Institut der Max-
Planck-Gesellschaft, Berlin, Germany — 2Freie Universitit Berlin,
Berlin, Germany — 3King Saud University, Rhiyad , Saudi Arabia

Position sensitive anodes are the key element for all photoionization
and particle impact ionization experiments which provide full informa-
tion on the momentum distribution of the fragmenting system, either
ions or electrons. Famous examples for such experiments are the mea-
surements performed by the COLTRIMS method. Similar systems
have been developed also by other groups. One of the key problem
in these experiments, particularly for larger target systems is the so
called multi-hit capability. Delay line anodes and pixel based anodes
show a capacity in this sense of 10 to 20. In order to improve this
capacity we have developed a system for the pixel type arangement.
This should allow us to increase the multi-hit capability up to 100.
In this case it could be used for many fragmentation events of larger
molecules but also for multi electron emission events being probed in
coincidence. The basic design of this type of anode will be presented
and its possible applications are discussed.

MO 5.5 Mon 17:30 V38.02
Accurate depolarization measurements of all six hydrogen
isotopologues — eMaGNUs ScHLOsSSER!, TiMm M. JamEs?, SEBAS-
T1AN FiscHER!, RicHARD J. LEwis®, HELmuT H. TELLEZ, and BEATE
BornscHEIN! — ITritium Laboratory Karlsruhe, Institute for Techni-
cial Physics, Karlsruhe Insitute of Technology, GER — 2Department
of Physics, Swansea University, UK — 3Instituto Pluridisciplinar, Uni-
versidad Complutense de Madrid, ES

The calibration of the Laser Raman system (LARA) of the KArlsruhe
TRItium Neutrino experiment (KATRIN) is required for the accurate
accountancy of the tritium gas in the source tube. In the current
approach for the quantitative analysis of the LARA system, the ex-
perimentally measured spectrum will be compared to a theoretically
calculated spectrum. The intensities of the theoretical spectra can be
calculated from quantum mechanical matrix elements. However, these
theoretical matrix elements, which can be found in literature, need
experimental verification before they can be employed for the LARA
analysis.

One elegant way to verify these matrix elements are the so-called
depolarization measurements. In this presentation we show a novel
methodology for these measurements and their analysis. This takes
into account laser-polarisation related effects in optical components
and considers the experimental geometry. Finally, the resulting depo-
larisation ratios of all hydrogen isotopologues (T2, DT, Do, HT, HD,
Hy) are presented.

MO 5.6 Mon 17:45 V38.02
Identification and Non-destructive State Detection of Molec-
ular Ions — KEeviN SHERIDAN, AMY GARDNER, NIiC SEYMOUR-
SMmiTH, and eMATTHIAS KELLER — University of Sussex, UK

Cold molecules have a multitude of applications ranging from high reso-
lution spectroscopy and tests of fundamental theories to cold chemistry
and, potentially, quantum information processing. Prerequisite for
these applications is the cooling of the molecules’ motion and its non-
invasive identification. Furthermore, the internal state of the molecules
needs to be prepared and non-destructively detected. The cooling of
the motion and trapping of molecular ions can be accomplished by
trapping them in an rf-trap alongside laser cooled atomic ions. We
have developed a novel technique to measure the average charge to
mass ratio of trapped ions with high precision by broadband excita-
tion of the ions’” COM-mode motion and measuring their laser induced
fluorescence. The FFT of the fluorescence’s autocorrelation provides
the COM-mode spectrum with a good SNR for measurement times as
low as 100ms and kinetic energy injections of less than a few mK. The
method is limited only by the required interrogation time and the mo-
tional coupling of the constituents of the mixed ion crystal. Employing
state selective laser induced dipole forces we aim to detect the internal
state of molecular ions by mapping the state information onto the ions’
motion. The scheme promises mitigation of the effect of laser polari-
sation and the distribution of population across Zeeman sublevels and
it may be applicable for a larger number of simultaneously trapped
molecules.
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MO 5.7 Mon 18:00 V38.02
A High Resolution Ion Mobility Spectrometer to preselect
molecular conformers for gas-phase spectroscopy — eSTEPHAN
WARNKE, KEVIN PAGEL, GERARD MEUER, and GERT VON HELDEN
— Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany

A key technique to investigate biomolecules in the gas phase is mass
spectrometry and many methods are available to obtain mass/charge
ratios with very high accuracy. However, with MS methods only little
information on the higher order structure is obtained - even though
their knowledge is crucial for the understanding of intra- and inter-
molecular interactions as well as the function of the molecule. Two
techniques that are sensitive to the higher order structure of gas-phase
molecules are ion mobility spectrometry (IMS) and infrared (IR) spec-
troscopy, of which both can be combined with mass spectrometry.

In IMS, the absolute (angle averaged) collision cross section and,
thus, the effective size of the ion is determined. Additionally, when
ions coexist in different conformations, they can be separated in space
and time to allow for experiments on both mass/charge as well as
(geometrical) shape/charge selected ions.

In this talk, the setup of our high resolution ion mobility spectrom-
eter and first results on peptides and small proteins will be presented.
In additon, strategies to utilize the existing instrument as a tool to
conformationally pre-select biomolecules for gas-phase IR spectroscopy
experiments will be discussed.

MO 5.8 Mon 18:15 V38.02
Broadband Microwave Spectroscopy of Large Molecules —
eDaviD ScHMITZ, VIRGIL ALVIN SHUBERT, THOMAS BETZz, and
MELANIE ScHNELL — Max-Planck Advanced Study Group at the
Center for Free-Electron Laser Science, Hamburg, and Max-Planck-
Institut fiir Kernphysik, Heidelberg

Isomerization reactions are a fundamental class of chemical transfor-
mations and their understanding is essential for the detailed descrip-
tion of chemical reactions in general. Before the dynamics of isomeriza-
tion reactions between the different structural isomers, i.e., conformers,
can be understood, they themselves have to be identified and charac-
terized. For this, we have constructed a novel broadband rotational
spectrometer, covering the 2-8 GHz range within a single acquisition.
The obtained spectra, aided by theory, allow us to investigate the con-
formational structures and preferences of large molecules, e.g. crown
ethers and their complexes with water or metals. Furthermore, we can
gain insight about isomerization dynamics by pumping the molecules
above isomerization barriers using a tunable infrared laser and then
to probe using a chirped microwave pulse!. Here, we will present this
technique and report initial results on the rotational spectrum of 15-
crown-5 ether.

1Dian et al., Science, 320, (2008), pp. 924-928

MO 5.9 Mon 18:30 V38.02
Nitrogen inversion tunneling in the microwave spectrum of
diethyl amine and methyl tert-butyl amine — eHaA VinH LAM

Ncuven and WoOFLGANG STAHL — Institute of Physical Chemistry,
RWTH Aachen University, Germany

Proton tunneling is an important class of large amplitude motions,
which appears in some secondary amines like dimethyl amine (DMA)
and ethyl methyl amine (EMA). This causes splittings of the rotational
lines of 2646.0 MHz and 1981.0 MHz for DMA and EMA, respectively.

In the case of diethyl amine, CH3CHoaNHCH3CH3, we found a bar-
rier to inversion of 18.31 kJ/mol from the separation between the
lowest symmetric and antisymmetric inversion energy level of E =
760.77062(20) MHz for all ¢ type transitions. b type lines show only
narrow splittings due to Coriolis coupling. Moreover, due to the nu-
clear spin of I = 1 of the N nucleus hyperfine splittings arise. The
inversion splittings of diethyl amine were described with molecular
parameters using the programs spfit and spcat by Pickett instead of
reporting the splitting of each single rotational transition as in previous
work.

Methyl tert-butyl amine, (CH3)sCNHCHs, is a further secondary
amine we investigated. Quantum chemical studies showed that the
most stable conformer has a Cg symmetry and proton tunneling is
possible. A preliminary assignment with Pickett’s spfit code including
overall rotational and tunneling effects was carried out. The separation
between the two inversion energy levels is 698.903(99) MHz for ¢ type
lines in this case. Centrifugal distortion and *N hyperfine coupling
effects have not yet been considered.

MO 5.10 Mon 18:45 V38.02
Rovibrational eigenenergy structure of the [H,C,N] molecu-
lar system — eGeorGc CH. MELLAU — Physikalisch-Chemisches-
Institut, Justus-Liebig-Universitat, 35392 Giessen, Germany

The HCN and HNC linear molecules provide an important and well-
studied prototype system of an isomerizing molecule, they are one
of the few chemically bound isomers accessible to a full and accu-
rate ab initio study of their electronic potential energy surface and
their nuclear motion states [1]. Using Hot GAs Molecular Emission
(HOTGAME) spectroscopy the complete experimental list of the first
5000 rovibrational eigenenergies has been established for this system
[2,3] obtaining the first complete frequency domain description of a
polyatomic molecule up to high rovibrational excitations. Especially
interesting are the delocalized states of the [H,C,N| molecular system
which cross the barrier and therefore cannot be uniquely associated
with a particular isomer. The rovibrational structure of these states
is one of the key features needed for a quantum mechanical under-
standing of the HCN-HNC model reaction. To support HOTGAME
experiments covering such high molecular excitations [4] the rovibra-
tional eigenenergy structure of the isomerization states have been
studied by labeling the complete set of calculated ab-initio eigenen-
ergies [5] with vibrational quantum numbers [6]. [1] T. Mourik et
all., J.Chem.Phys. 115, 3706 (2001). [2] G. Mellau, J.Chem.Phys.
133,164303 (2010). [3] G. Mellau, J.Chem.Phys. 134,234303 (2011).
[4] G. Mellau.,J.Mol.Spectrosc. 269, 12 (2011). [5] Harris et al., MN-
RAS 367, 400 (2006). [6] G. Mellau, J.Chem.Phys. 134,194302 (2011).

MO 6: Femtosecond Spectroscopy |

Time: Monday 16:30-19:00

MO 6.1 Mon 16:30 V38.03
CRASY: Correlated Rotational Alignment Spectroscopy
with 70 MHz resolution — eCHRISTIAN SCHROTER and THOMAS
ScHuULTZ — Max-Born-Institut, Berlin

Our aim is the investigation of photochemical reactions in biological
chromophores, such as DNA-bases. Biological chromophores can occur
in different structural conformations, and the assignment of spectro-
scopic data to a specific molecular structure is difficult. With CRASY,
we are able to measure correlated data to characterize nuclear and elec-
tronic structure simultaneously (1). CRASY is a method which com-
bines rotational spectroscopy in the time domain with femtosecond-
pump-probe experiments. An IR pulse generates a coherent rotational
wave packet by means of non-adiabatic alignment. After a variable de-
lay, we probe the wave packet by a UV pulse which excites and ionizes
the molecule via a resonant electronic state. A Fourier transform of
collected electron and ion signals reveals the rotational Raman spec-
trum for each species in the sample. For the reliable assignment of

Location: V38.03

biomolecular isomers, we require a good rotational resolution. Here
we present CRASY measurements with a resolution below 70 MHz,
sufficient for the characterization of DNA-base tautomers.

(1) Science 333, 1011 (2011)

MO 6.2 Mon 16:45 V38.03
Circular Dichroism in the Photoelectron Angular Distribu-
tions of Camphor and Fenchone observed via Multiphoton
Ionization — eCHurisTiAN Lux, Tom BoLze, CRISTIAN SARPE,
MatTHIAS WOLLENHAUPT, and THOMAS BAUMERT — Universitat
Kassel, Institut fiir Physik und CINSaT, D-34132 Kassel, Germany

Photoelectron Circular Dichroism (PECD) [1] was investigated the last
decade on small chiral molecules using vacuum ultraviolet (VUV) syn-
chrotron radiation. The observed asymmetries in PECD arise in for-
ward/backward direction with respect to the light propagation and
show an effect several orders larger than in conventionally observed
CD. Resonance Enhanced Multi-Photon Ionization (REMPI) in mass
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spectroscopy of chiral molecules using ultrashort laser pulses [2,3] in
the visible and near UV showed also strong asymmetries in the absorp-
tion of circularly polarized light.

In this contribution we present that PECD is also accessible using
REMPI with UV femtosecond laser pulses [4]. The obtained Photo-
electron Angular Distributions in the 2+1 REMPI of Camphor and
Fenchone contain highly structured asymmetries up to 20%.

[1] I. Powis in S. A. Rice (Ed.): Adv. Chem. Phys. 138, 267-329
(2008)

[2] C. Logé, A. Bornschlegl, U. Boesl, Anal. Bioanal. Chem. 395,
1631-1639 (2009)

[3] P. Horsch, G. Urbasch, K.-M. Weitzel, Z. Phys. Chem. 225, 587-
594 (2011)

[4] C. Lux, M. Wollenhaupt, T. Bolze, Q. Liang, C. Sarpe, T. Baumert
(in preparation) (2011)

MO 6.3 Mon 17:00 V38.03
Magic-angle and anisotropy calculations for arbitrarily
polarized pump-—probe spectroscopy — JOHANNEs BUBACK,
®SEBASTIAN SCHOTT, ANDREAS STEINBACHER, PATRICK NUERN-
BERGER, and ToBias BRIXNER — Institut fiir Physikalische und
Theoretische Chemie, Universitat Wiirzburg, Am Hubland, 97074
Wiirzburg, Germany

We calculate anisotropy effects in pump—probe transient-absorption
experiments with arbitrarily polarized pump and probe pulses. The
versatility of the approach allows us to simulate various experimental
scenarios, e.g. with femtosecond laser pulses generated by a polar-
ization pulse shaper, and to derive magic-angle conditions for which
the pump—probe signal is independent of the angle between pump and
probe transition dipole moments. Whereas this is well-known for stud-
ies with linearly polarized pump and probe pulses, we discuss specifi-
cally the case of a polarization-shaped pump pulse for quantum control
experiments, as well as the case of a circularly polarized probe pulse
for transient circular-dichroism measurements.

MO 6.4 Mon 17:15 V38.03
Pump-Probe simulations for single trapped molecular ions —
eMarkUs KowaLEwski!, STEFFEN KaHRA?, GONTHER LESCHHORN?,
Tosias ScuaeTz? 3, and REGINA DE Vivie-RIEDLE! — !Department
Chemie, Ludwigs-Maximilians Universitét Miinchen — 2Max-Planck-
Institut fiir Quantenoptik, Garching — 3 Albert-Ludwigs-Universitit,

Freiburg

Ion traps offer a great possiblity to handle cold single molecular
ions without environmental interactions. Ultrashort and intense laser
pulses are a well established tool for studing and controlling the molec-
ular dynamics. Both methods are combined in a new experiment with
MgHt ions. It is demonstrated, that a pump-probe experiment under
this conditions is possible.

In this talk we present the theoretical model which faces the the
problems arising in this novel parameter regime. In contrast to fem-
tosecond experiments in the gas or condensed phase the same molecule
is excited by the laser several times. Thus they are subject to inter-
nal heating, which has to be treated in the theory and handled in
the experiment. Moreover an extented pump-probe pulse scheme is
developed which keeps the ions cool.

MO 6.5 Mon 17:30 V38.03
Simulation of Vibrational Dephasing of I in a Krypton Ma-
trix — eMax BuchHoLz!, FRANK GROSSMANN!, and BURKHARD
ScumipT? — Mnstitut fiir Theoretische Physik, Technische Universitit
Dresden, 01062 Dresden — 2Institut fiir Mathematik, Freie Universitit
Berlin, Arnimallee 6, 14195 Berlin-Dahlem

In four-wave mixing experiments on iodine in a krypton matrix in the
Apkarian group [M. Karavitis et al, Phys. Chem. Chem. Phys. 7,
791 (2005)], the decay of coherences between vibrational eigenstates
in the electronic ground state of the iodine molecule has been investi-
gated for a range of eigenstates and temperatures. Motivated by these
experiments, we study the dynamics of an Iz molecule in the first
micro-solvation shell comprising a Kri7 double icosahedron using nu-
merical quantum-dynamic models as well as a linearized semiclassical
IVR approach [X. Sun and W. H. Miller, J. Chem. Phys. 110, 6635
(1999)]. We are trying to reproduce the experimental decoherence
rates by making use of a reduced dimensionality model consisting of
krypton ("bath") modes with different coupling to the Iy vibrational
("system") mode.

This work was supported by the DFG through grant GR 1210/4-

MO 6.6 Mon 17:45 V38.03
Weak field, multiple cycle carrier envelope phase effects in
laser excitation — eKraus RENZIEHAUSEN and VOLKER ENGEL
— Institut flir Physikalische und Theoretische Chemie, Universitit
Wiirzburg, Emil-Fischer-Str. 42, 97074 Wiirzburg

Whereas the absolute or carrier envelope phase (CEP) of a laser pulse is
usually assumed to be effective for ultrashort and /or ultrastrong pulses
only, we demonstrate that these limitations can be removed. For an
initial population distribution between different states of a quantum
system interacting with an external field, it is possible to influence the
population transfer in changing the CEP. Analytical results for a two-
level system are presented. In a numerical example, we treat molecular
excitation, where vibrational manifolds in two electronic states of the
sodium dimer are coupled by the laser field.

MO 6.7 Mon 18:00 V38.03
Carrier envelope phase controlled dynamics at conical in-
tersections — eROBERT SIEMERING, PHILIPP vVON DEN HOFF,
and REGINA DE VIVIE-RIEDLE — Department Chemie Ludwig-
Maximilians-Universitdt Miinchen, Butenandtstr. 11, Haus E, 81377
Miinchen, Germany

We investigate how ultrafast dynamics at conical intersection can be
combined with laser control schemes. Therefore we study the effect
of the non-adiabatic-coupling for wavepackets approaching the con-
ical intersection from different directions and different momenta in
model systems. These two dimensional model systems are set up in
the g/h-plane (branching space) of the conical intersection between
two potential energy surfaces. We analyse the relationship between
transfer efficiency and the initial conditions of the wavepacket. Based
on these results we develop a control scheme that relies on the carrier
envelope phase of the control laser pulse. The control scheme includes
the creation of an electronic superposition state before the wavepacket
reaches the conical intersection. The control landscape is enhanced
by applying optimal control strategies. To optimize carrier envelope
phase control within optimal control theory we used its phase sensitive
variant.

MO 6.8 Mon 18:15 V38.03
Efficient sub-cycle control of electron dynamics in molecules
— eHENDRIKE Braun!, TiM Baver!, CrisTiaN SarPE!, ROBERT
SIEMERINGZ, PHILIPP VON DEN HOFF2, REGINA DE VIVIE-RIEDLEZ,
MaTTHIAS WOLLENHAUPT!, and THoMAs BAUMERT! — !University
of Kassel, Institute of Physics and CINSaT, D-34132 Kassel, Germany
— 2Ludwig-Maximilians-Universitit Miinchen, Departement Chemie,
D-81377 Miinchen, Germany

Shaped femtosecond laser pulses are a well established tool to control
the dynamics of the nuclei within a molecule after electronic excitation.
Here we demonstrate that the electron dynamics of a molecule can also
be efficiently manipulated by controlling the temporal phase of a fem-
tosecond laser pulse. Specifically, we show how temporal phase changes
on the time scale of the electron motion, i.e. with sub-cycle precision,
are used to manipulate the electron dynamics of molecules and eventu-
ally switch between different potential energy surfaces of the molecule.
The underlying control mechanism is termed SPODS (Selective Popu-
lation of Dressed States) and has already been demonstrated on atoms
[1,2,3]. It relies on the resonant excitation of an electronic coherence
and subcycle control of the phase relation of the corresponding electric
dipole and the strong light field. Extension to molecular systems shows
the prospect of various applications of SPODS in femtochemistry.

[1] M. Wollenhaupt et al., Phys. Rev. A 68, 0154011 (2003)

[2] M. Wollenhaupt et al., Phys. Rev. A 73, 063409-1 (2006)

[3] T. Bayer et al., Phys. Rev. Lett. 102, 023004 (2009)

[4] M. Wollenhaupt et al., JPPA 180, 248 (2006)

MO 6.9 Mon 18:30 V38.03
Selective population of dressed states: A robust path-
way to populate selectively higher lying electronic states

in molecules? — oPHILIPP VvON DEN Horr!, HENDRIKE BRAUN?,

Tiv BAYER?, MarTHIAS WOLLENHAUPT2, THOMAS BAUMERT?,
and REcINA DE Vivie-RiEpLE! — !Ludwig-Maximilians-Universitat
Miinchen, Departement Chemie, Germany — 2University of Kassel,

Institute of Physics and CINSaT, D-34132 Kassel, Germany

Selective population of dressed states (SPODS) has been proposed as
an alternative control pathway in molecular reaction dynamics [1]. Re-
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cently, this scenario was successfully implemented in experiments using
the molecule K2. Based on these results, we investigate if and under
which conditions this strong field scheme is included in the search space
of optimal control theory (OCT). Thereby we classify SPODS within
the global search space of OCT and discuss the question of robust-
ness. Like in the experiments we use the example of the potassium
dimer. Within the SPODS—mechanism different target states can be
reached via dressed states by subcycle control of the phase relation of
the corresponding electric dipole and the strong light field. Especially,
we investigate whether the optimization algorithm is able to find the
route involving the dressed states although the target state lies out of
resonance in the bare state picture.

[1] M. Wollenhaupt et al., Phys. Rev. A 68, 0154011 (2003)

MO 6.10 Mon 18:45 V38.03
Attosecond dynamics of CO2 and CoH4 — eCHRISTIAN NEIDEL,
JessE KLEI, CHUNG-HSIN YANG, and MARC VRAKKING — Max-Born-
Institut

We report the first attosecond time-resolved measurements for the
molecules CO2 and CoHy. Angular resolved photoelectron and pho-
toion yields were characterized with a velocity map imaging spectrom-
eter (VMIS). Different fragments like OF and H* were produced by
dissociative ionization. The signal yields show clear oscillations with
respect to the time delay between an attosecond pulse train (APT)
and a femtosecond IR pulse. The ionization process is modulated by
coupling of molecular states by the IR field. The results demonstrate
the feasibility of attosecond experiments for larger molecules.

MO 7: SYRA: Ultracold Rydberg Atoms and Molecules 1

Time: Tuesday 10:30-12:30

Invited Talk MO 7.1 Tue 10:30 V47.01
Quantum optics and quantum information with Rydberg ex-
cited atoms. — eKraus MoLMER — Aarhus University, Aarhus,
Denmark

The significant dipole-dipole interaction between Rydberg excited
atoms provides an on/off controllable interaction with promising appli-
cations for entanglement operations and quantum computing with neu-
tral atoms. The blockade interaction may be used to carry out quan-
tum gate operations between individually addressed atomic qubits, and
in small ensembles, the Rydberg blockade may simultaneously couple
all atoms and thus enable quantum control of collective many-body
state. On the one hand, this provides new efficient multi-bit schemes
for quantum computing and, on the other hand, it gives access to non-
classical states and interaction mechanisms in light-matter interfaces
with applications in quantum optics and quantum communication.

Invited Talk MO 7.2 Tue 11:00 V47.01

Cooperative non-linear optics using Rydberg atoms —
oCHARLES ADAMS — Durham University, Durham, UK

The giant dipole associated with transitions between highly excited
Rydberg states can be used to control the optical response of up to
1000 neighbouring atoms. This gives rise to a large cooperative optical
non-linearity [1] that is effective at the single photon level providing
the basis for fully deterministic all-optical quantum processing. In
this talk we will discuss our recent progress in the area of Rydberg
non-linear optics and present prospects for future developments.

[1] J. D. Pritchard et al. Phys. Rev. Lett. 105, 193603 (2010).

MO 7.3 Tue 11:30 V47.01
Rydberg electromagnetically induced transparency in dense
ultracold gases — eCHrisToPH S. HorFMANN, GEORG GUNTER,
HaANNA ScHEMPP, HENNING LABUHN, MARTIN ROBERT-DE-SAINT-
VINCENT, SHANNON WHITLOCK, and MATTHIAS WEIDEMULLER —
Physikalisches Institut, Universitdt Heidelberg, Philosophenweg 12,
69120 Heidelberg

We report on our latest experimental results on Ryberg electromagnet-
ically induced transparency performed in a regime which is governed
by large Rydberg-induced nonlinearities. In these experiments the
nonlinear optical response of a strongly interacting Rydberg gas is
probed by means of a simple CCD camera. This work is a precursor
experiment for realising direct optical images of Rydberg atoms [1].
The experiments are performed in our new apparatus which allows
us to realise Bose-Einstein condensates (BECs) of 87Rb for studies
on Rydberg atoms excited from dense atomic gases. Starting with a
high flux 2D-MOT, we efficiently load a MOT in order to pre-cool
and efficiently transfer atoms into a crossed optical dipole trap. The
latter acts as a reservoir that is superimposed with a dimple trap, in
which we evaporatively cool the atoms to reach BEC. This simple and
robust scheme allows us to perform experiments with short overall
cycle times of only ~4.5s.

[1] G. Giinter et al., arXiv:1106.5443v1 (2011) to be published in PRL

MO 7.4 Tue 11:45 V47.01

Electromagnetically Induced Transparency in Strongly In-

teracting Rydberg Gases — oJoHANNES OTTERBACH!, DAvID

Location: V47.01

PeTROSYAN?3, ALEXEY V. Gorsukov?, THoMAs PoHL?, MIKHAIL
D. Lukin!, and MicHAEL FLEISCHHAUER? — 1Physics Department,
Harvard University — 2Fachbereich Physik, TU Kaiserslautern —
3Institute of Electronic Structure and Laser, FORTH, Crete —
4Institute for Quantum Information, California Institute of Technol-
ogy — SMax Planck Institute for the Physics of Complex Systems,
Dresden

The recent advance in coherently controlling and manipulating strong,
long-range Rydberg interactions has triggered various studies of the
Rydberg blockade effect for applications in quantum information pro-
cessing and crystal formation. In this talk I show that Rydberg inter-
actions can be used to alter the photon statistics of a weak probe field
after propagating in a coherently prepared atomic Rydberg gas under
conditions of Electromagnetically Induced Transparency (EIT). The
Rydberg blockade mechanism leads to an effective two-level physics
when two photons are separated less than the blockade radius result-
ing in a strong anti-correlation of two photons separated by an avoided
volume. I argue that the formation of such hard-sphere photons is a
key-ingredient in the explanation ofthe recent experiment of Pritchard
et al. [Phys. Rev. Lett. 105, 193603 (2010)|. Finally the observation
of such correlation in future experiments will be discussed.

MO 7.5 Tue 12:00 V47.01
Dipolar Bose-Einstein condensate of Dark-state Polaritons —
eGoRr NikoGgHOsYAN!, FRANK E. ZiMMER?, and MARTIN B. PLENIO!
— Mnstitut fiir Theoretische Physik, Albert-Einstein Allee 11, Uni-
versitit Ulm, 89069 Ulm — 2Max Planck Institute for the Physics of
Complex Systems, 01187 Dresden

We put forward and discuss in detail a scheme to achieve BEC of
stationary-light dark-state polaritons with dipolar interaction. We ex-
tend the works on Bose-Einstein condensation of photons and polari-
tonic quasiparticles, to the regime of dipolar quantum gases. To this
end we introduce a diamond-like coupling scheme in a vapor of Rydberg
atoms under the frozen gas approximation. To determine the system*s
dynamics we employ normal modes and identify the dark-state polari-
ton corresponding to one of the modes. We show that these polaritonic
quasiparticles behave in adiabatic limit like Schrodinger particles with
a purely dipolar inter-particle interaction. Moreover, we could show,
by analyzing the Bogoliubov spectrum of a homogeneous dipolar BEC,
that for a special choice of the dipolar interaction parameter the con-
sidered dipolar BEC is, in contrast to usual dipolar BEC, very stable.

MO 7.6 Tue 12:15 V47.01
Rydberg four wave mixing in a thermal gas of Rb —
e ANDREAS KOLLE, GeEorG EprpPLE, THOMAS BALUKTSIAN, BERN-
HARD HUBER, HArALD KUBLER, RoBERT LOw, and TiLMAN Prau
— 5. Physikalisches Institut, Universitdt Stuttgart, Pfaffenwaldring
57, 70550 Stuttgart Gerrmany

The Rydberg blockade effect is a promising candidate for use in quan-
tum devices. In combination with a four wave mixing scheme a single
photon source has been proposed. While ultracold gases seem to be
the obvious choice, our vision is to use thermal atomic vapor in small
glass cells which offers multiple advantages in terms of scalability and
ease of use.

We present four wave mixing measurements including a Rydberg
state in a thermal vapor cell and compare our results to a single atom
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model. Furthermore we demonstrate the tunability of the four wave
mixing scheme by means of an electric field via the Stark effect on the

Rydberg state.

MO 8: Photochemistry

Time: Tuesday 10:30-12:30

MO 8.1 Tue 10:30 V38.02
Single-molecule studies of photoswitchable organic triads —
eREGINA ScumipT!, MARTTI PARs!, CHRISTIANE HOFMANN', PE-
TER BAUER2?, MUKUNDAN THELAKKATZ, and JURGEN KOHLER! —
IExperimental Physics IV, University of Bayreuth, 95440 Bayreuth,
Germany — 2Applied Functional Polymers, University of Bayreuth,
95440 Bayreuth, Germany

We have investigated a triad, consisting of two perylenebisimide (PBI)
fluorophores that are covalently linked to a photochromic dithienyl-
cyclopentene (DCP) unit [1]. Converting the DCP between its two
isomeric forms allows to modulate the PBI emission intensity of up
to 80% of the signal level. Exploiting these features we have demon-
strated on the ensemble level the potential of these triads to act as
an optical transistor [2]. Here we will communicate our first steps to
expand these experiments to the single-molecule level.

[1] M. Irie, Chem. Rev. 100, 1685-1716 (2000).

[2] M. Pérs, Angew. Chem. Int. Ed. 50, 11405-11408 (2011).

MO 8.2 Tue 10:45 V38.02
Control of photochromic molecules adsorbed to optical mi-
crofibres — eULrRicH WIEDEMANN, WoOLFGANG ArT, and DIETER
MEscHEDE — Institut fiir Angewandte Physik, Universitdt Bonn,
Wegelerstrafte 8, 53115 Bonn

The high light intensity on the surface of an optical microfibre can be
used for strong light-matter interaction experiments with surface ad-
sorbates. In previous experiments in our group ultra-sensitive absorp-
tion spectroscopy of surface-adsorbed organic dye molecules has been
demonstrated [1]. After the passive observation of organic dyes, the
next level of complexity is the optical manipulation of photochromic
molecules. Switching between the molecular states is achieved by ex-
posure to the evanescent field of a few nanowatts of UV or white light
guided in the microfibre. The internal state of the molecules is detected
via their state-dependent light absorption.

We present a quantitative analysis of the time-resolved photoswitch-
ing dynamics, which are measured and mathematically modelled with
a rate equation model. By adjusting the microfibre evanescent field
strength the dynamic equilibrium state of the molecules is controlled.
Finally, we investigate how many times the photochromic system can
be switched before undergoing significant photochemical degradation.

[1] F. Warken, E. Vetsch, D. Meschede, M. Sokolowski, and A.
Rauschenbeutel, “Ultra-sensitive surface absorption spectroscopy using
sub-wavelength diameter optical fibers,” Opt. Express 15(19), 11952—
11958 (2007).

MO 8.3 Tue 11:00 V38.02
Photochromic polypyridine ruthenium sulfoxide complexes
on their way to condensed matters — eKRISTIN SPRINGFELD,
VOLKER DIECKMANN, SEBASTIAN EIckE, and Mirco IMLAU — De-
partment of Physics, University of Osnabriick, Germany

Creating new, more efficient data storage systems brings strong de-
mand for materials that exhibit fast recording processes and long stor-
age times. A promising approach are optical data storage devices that
make use of photochromic molecules as storage materials, e.g., ruthe-
nium polypyridine sulfoxides. They offer light-induced linkage isomer-
ization at the SO-ligand accompanied with a pronounced UV /VIS pho-
tochromism, a tremendous photosensitivity and high thermal stability
of the two metastable isomers. However, the field of applications is lim-
ited so far, because only molecular solutions are available. Here, we
discuss the characteristic photochromic properties of the compounds
in the frame of ligand substitution and replacement of the dielectric
environment. The complex [Ru(bpy)2(ROSO)|-PFg [1] (with OSO:
2-methylsulfinylbenzoate) has been modified with several functional
groups and was studied in different solvents as well as immobilized in
an inorganic polymer. The analysis is performed by cw-pump-probe
technique as a function of temperature and exposure. We discuss the
impact of our findings in view of application in molecular photonic

Location: V38.02

devices.

Financial support by the DFG (INST 190/137-1) and the DAAD
(50445542) is gratefully acknowledged.

[1] V. Dieckmann et al., Opt. Express 17, 15052 (2009)

MO 8.4 Tue 11:15 V38.02
Photoswitchable ruthenium sulfoxides and their adaptability
fornonlinear molecular photonics — eSEBASTIAN EICKE, SERGEJ
Bock, VoLKER DIECKMANN, KRISTIN SPRINGFELD, and MIirco Im-
LAU — Department of Physics, University of Osnabriick, Germany

Ruthenium sulfoxides like [Ru(bpy)2(OSO)|* (OSO: 2-methylsulfinyl-
benzoate) offer a light-induced linkage isomerization located at the
SO-ligand resulting in pronounced changes of characteristic optical
properties. These photoswitchable molecules are out-standing due to
an ultrafast optical response in the ps range and a pronounced pho-
tochromism in the visible spectral range as well as long lifetimes in the
metastable states. Furthermore, they can be simply tuned via ligand
substitutions or different dielectric environments allowing for the ad-
justment of the spectral adressability, the magnitude of the absorption
change and the generation/relaxation rates.

The talk gives a review on various molecule adaptabilities and presents
a novel representative of the group of ruthenium sulfoxides whose op-
tical properties have been successfully adjusted to the most common
commercial laser sources. Thus the unique spectral adressability, the
high efficient and the fast light-induced conversion of this new com-
pound allow for applications in a multiplicity of devices. We particu-
larly discuss their potential for ultrafast optical switches for controlling
light by light and next-generation realtime holographic displays.
*Financial support by the DFG (INST 190/137-1) and DAAD
(50445542) is gratefully acknowledged.

MO 8.5 Tue 11:30 V38.02
Ultrafast dynamics of photolyzed carbon monoxide in the
primary docking site of hemoglobin, FixLH and R220H
FixLH — ePaTrick NUERNBERGER!:?, KEvIN F. LEE!, ADELINE

BonvaLET!, LaTIFA BouzHIR-SiMAl, JEAN-CHRISTOPHE LAMBRY!,

Ursura LieBL!, ManueL Jorrre!, and MarTtEn H. Vos! —
1Laboratoire d’Optique et Biosciences, Ecole Polytechnique, CNRS,
and INSERM U696, 91128 Palaiseau, France — ZInstitut fiir
Physikalische und Theoretische Chemie, Universitdt Wiirzburg, Am

Hubland, 97074 Wiirzburg, Germany

We report a mid-IR study of the ultrafast dynamics of CO in the
docking site of the heme proteins hemoglobin, FixLH and the mu-
tant R220H FixLH. We employ a recently developed chirped-pulse
upconversion method that allows for simultaneous measurement of
the absorption of both heme-bound and docked CO with high spectral
resolution and sensitivity. The bacterial oxygen sensor FixLH displays
marked differences in dynamic behavior upon ligand dissociation with
respect to hemoglobin. We find that CO bound to the heme iron
in FixL is tilted by ~ 30° with respect to the heme normal, which
contrasts to the situation in globins and in present FixLH-CO X-ray
crystal structure models. This implies protein environment-induced
strain on the ligand, which is possibly at the origin of a very rapid
docking site population in a single conformation. Our observations
likely explain the unusually low affinity of FixL for CO that is at the
origin of the weak ligand discrimination between CO and Os.

MO 8.6 Tue 11:45 V38.02
Photosensitized generation of diphenylmethyl cations —
eSEBASTIAN TuHALLMAIRD2, CHrisTIAN F. SaALER!, JOHANNES
AmMER?, EBERHARD RIEDLE!, and REGINA DE ViviE-RiepLE? — LS
fir BioMolekulare Optik, Ludwig-Maximilians-Universitdt Miinchen

— 2Department Chemie, Ludwig-Maximilians-Universitit Miinchen

Carbocations are omnipresent intermediates in organic chemistry as
well as in biochemistry. Photoinduced bond cleavage of diphenyl-
methylphosphonium cations offers a convenient and very effective way
to generate diphenylmethyl cations in both polar and moderately polar
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solvents. An alternative route to the direct photoexcitation is to use a
photosensitizer to induce the bond cleavage. We looked at anthracene
as a possible candidate.

Its low energy absorption band (A ~ 360 nm) is well separated en-
ergetically from the absorption bands of the precursor molecule (A &
280 nm) and therefore gives the possibility to excite anthracene selec-
tively in the presence of diphenylmethylphosphonium cations. Ultra-
fast broadband transient absorption measurements deliver insight into
the evolution of the photoproducts from the femto- to the microsecond
timescale. We can show that carbocations are generated from the S;
state of anthracene. In contrast, the anthracene triplet seems to be
unreactive.

Based on quantum chemical calculations performed for a phospho-
nium model system the mechanism of photosensitization will be dis-
cussed.

MO 8.7 Tue 12:00 V38.02
Towards ion molecule reactions in selected vibrational states
— oFABIAN HoOCHHEIMER, MARTIN STEI, EDUARDO CARRASCOSA,
ApiTya KELKAR, THORSTEN BEsT, and RoLAND WESTER — Institut
fir Ionenphysik und Angewandte Physik, Universitdt Innsbruck

The S 2 mechanism is one of the fundamental chemical reaction mech-
anisms. Using cross beam velocity map imaging our group has verified
the long proposed direct Sy 2 mechanism in the reaction C1— + CHsl
— CH3Cl + I7[1]. The text book picture involves an inversion of the
CHs umbrella in the transition state [2]. As we could observe an ef-
ficient channeling of energy through the molecule, the question arises
whether vibrational excitation of the umbrella mode acts as a spectator
or influences the reaction. Using an IR-laser to prepare the molecular
internal state prior to collision [3] may help to answer such questions.
Here we report on our progress towards scattering of vibrationally ex-
ited CH3I and Cl—.

[1] J. Mikosch, S. Trippel, C. Eichhorn, R. Otto, U. Lourderaj, J.X.

Zhang, W.L. Hase, M. Weidemiiller, R. Wester, Science 319, 183 (2008)
[2] W. N. Olmstead, J. I. Brauman, J. Am. Chem. Soc., 99 (1977)
[3] W. Zhang, H. Kawamata, K. Liu, Science 325, 303 (2009)

MO 8.8 Tue 12:15 V38.02
Photodissoziation von fluorierten Acetonen nach Anregung
in den S;-Zustand — eTHoMAS MIicHALAK und FrIEDRICH TEMPS
— Christian-Albrechts-Universitat, Kiel

Die Photodissoziation von Aceton spielt fiir die Atmosphére eine grofie
Rolle, da die gebildeten Acetyl-Fragmente in einer Folgeraktion mit
Luft OH-Radikale bilden. Wahrend der wellenldngenabhéngige Zer-
fall fiir Aceton weitestgehend untersucht ist, fehlen Untersuchungen
zu fluorierten Derivaten. In dieser Arbeit wurde daher die Photodis-
soziation von Monofluoraceton (MFA), 1,1-Difluoroaceton (DFA) und
1,1,1-Trifluoroaceton (TFA) nach Anregung in den S;(n7*)-Zustand
im Wellenlédngenbereich A = 333 - 240 nm untersucht. Dazu wurde
die Photofragment-Geschwindigkeitskartographie verwendet, die Auf-
schluss iiber die Energieverteilung der Fragmente und die Art und
Anzahl der Dissoziationskanale liefert. Detektiert wurde das CHgz-
Fragment. Die experimentellen Ergebnisse wurden durch quantenche-
mische Rechnungen unterstiitzt.

Der Dissoziationskanal zu CH3z + COCHgFy ist fiir A < 310 nm
(TFA), A < 300 nm (DFA, MFA) offen. Analog zum Aceton erfolgt
dieser Zerfall nach einem Intersystem Crossing und dem Uberwinden
einer Potentialbarriere im T1-Zustand. Sowohl die Barrierenhohen als
auch die Dissoziationsenergien der Kanéle konnten experimentell er-
mittelt werden. Wird die Wellenldnge noch weiter erniedrigt, wird ab
A <260 nm (TFA), A < 275 nm (DFA, MFA) auch CHs aus dem
unimolekularen Zerfall des COCH3-Fragments detektiert, das aus dem
priméren Dissoziationskanal zu CH;F, + COCHg3 stammt.

MO 9: Femtosecond Spectroscopy |l

Time: Tuesday 10:30-12:30

Invited Talk MO 9.1 Tue 10:30 V38.03
The Interplay between Electron Transfer and Forster Res-
onant Energy Transfer — elcor PucLiesi!, Parrick KOLLEZ,
RecINA DE VIvVIE RiEDLE2, HEINzZ LaNcHALs?, and EBERHARD
RiepLe! — !BioMolekulare Optik, LMU Miinchen — 2Dept. Chemie,

LMU Miinchen

Energy and electron transfer are two fundamental processes on which
the functioning of photoactive biological systems, solar cells and op-
toelectronic devices is based. The rates of these two processes can be
described by Fermi’s Golden Rule as they are both mediated by elec-
tronic coupling between donor and acceptor. This points to an intimate
relation of energy and electron transfer on the electronic level. While
energy transfer induced electron transfer has been observed in many ar-
tificial and biological systems, the inverse connection has not yet been
investigated. Here we present an extended set of perylene diimide
dyads with an donor-spacer-acceptor motif undergoing intramolecu-
lar FRET. Although the photoexcited donor is initially quenched by
electron transfer from the spacer, after back transfer the energy of
the donor is surprisingly transferred to the acceptor. Through broad-
band pump-probe measurements and high level ab-initio calculations
we show that the donor-spacer electron transfer state itself is respon-
sible for the energy transfer via multipole-multipole interactions with
the locally excited state of the acceptor. The dyads presented here
are a first example that shows how electron transfer can be connected
to energy transfer for the use in novel photovoltaic and optoelectronic
devices.

MO 9.2 Tue 11:00 V38.03
Time-resolved studies on the photoinduced electron trans-
fer in mixed-valence donor—acceptor oligomers — eFLORIAN
KanaLl, SteraNn RueTzEL!, HAN Lu2, CuristorH LAMBERT?, and
Tosias Brixner! — llnstitut fiir Physikalische und Theoretische
Chemie, Universitat Wiirzburg, Am Hubland, 97074 Wiirzburg, Ger-
many — 2Institut fiir Organische Chemie, Universitit Wiirzburg, Am
Hubland, 97074 Wiirzburg, Germany

Mixed-valence triarylamine-donor—triarylmethyl-acceptor compounds
are interesting model systems for investigating photoinduced electron

Location: V38.03

transfers. These compounds possess a broad absorption band in the
near infrared spectral region originating from an intervalence charge
transfer (IVCT).

Here, we present femtosecond transient absorption experiments on
two different alternating donor—acceptor triads consisting of a donor—
acceptor—donor and an acceptor—donor—acceptor pattern. For compar-
ison the respective donor—acceptor subunit as well as the subunit dimer
were also investigated. By using the output of an amplified Ti:Sapphire
femtosecond laser one can pump the systems directly into the IVCT
state. The reduced acceptor as well as the oxidized donor show typ-
ical transient absorption bands, which are probed with a whitelight
supercontinuum. The molecular dynamics are unraveled by a global
data fitting procedure. Environment-dependent contributions of the
dynamics are identified by performing the experiments in solvents of
different polarity.

MO 9.3 Tue 11:15 V38.03
Impact of High Excitation Densities upon Excitons in Pery-
lene Bisimide Aggregates — eMARCUS SEIDEL, STEFFEN WOLTER,
and STEFAN LOCHBRUNNER — Universitdt Rostock, Institut fir
Physik, Universitétsplatz 3, 18055 Rostock

Transient absorption measurements are performed on substituted
Perylene Bisimide Aggregates with intense pump pulses that clearly
saturate the ground state absorption of the molecules. The investi-
gated Perylene Bisimides form J-aggregates at room temperature if
solved in a nonpolar solvent with sufficiently high concentration [1].
Since the fluorescence quantum yield and the exciton diffusion length
of these aggregates are high [1,2], they might be very suitable compo-
nents for optoelectronic devices such as organic solar cells. Exciton-
Exciton-Annihilation has been observed as the dominating interaction
at moderately high excitation densities [2]. Although the interaction
itself is not known in detail, it is assumed that two- and multi-excitonic
states, resp. play an important role in the light induced dynamics of
the quasi-particles. In a first approach to detect these multi-excitonic
states in fs-pump-probe measurements, intense laser pulses are utilized
to generate high excitation densities. The corresponding transient ab-
sorption spectra reveal a fast decaying component, which is considered
as a multi-excitonic state signature.
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[1] Li X.-Q., Zhang X., Ghosh S., Wiirthner F., Chem. Eur. J. 14,
p.8074 - p.8078 (2008)

[2] Marciniak H., Li X.-Q., Wiirthner F., Lochbrunner S., J. Phys.
Chem. 115, p.648 - p.654 (2011)

MO 9.4 Tue 11:30 V38.03
Ultrafast emission quenching in a perylene diimide by struc-
ture rearrangement induced electron transfer from its sub-
stituent — ePaTrick KOLLE!, ArRTUR NENOV!, UWE MEGERLE?,
Parrizia Krok?, HeiNz LanGHALs', REGINA DE VIviE-RIEDLE!, and
EBERHARD RIEDLE? — !Ludwig-Maximilians-Universitdt Miinchen,
Department Chemie, Germany — 2Ludwig-Maximilians-Universitét
Miinchen, Lehrstuhl fiir BioMolekulare Optik, Germany

The ultrafast excited-state dynamics of the fluorescent perylene
diimide chromophore and its non-fluorescent amino-functionalized
derivative are investigated by transient spectroscopy and quantum
chemical calculations. The fluorescent system shows no dynamics
in the sub-nanosecond time region. For the functionalized molecule
the stimulated emission signal decays rapidly on a sub-picosecond
timescale, while the excited state absorption decreases with a time con-
stant of several picoseconds. The theoretical analysis assigns the fast
decay to a charge transfer from the amino substitutient to the perylene
diimide chromophore. The transfer is made possible by a decrease of
the N-N distance and a planarization of the substituent as the system
moves away from the Franck-Condon point. Experiments in different
solvents demonstrate that the dynamics of this fluorescence quench-
ing correlate with the solvation time. The rapid relaxation from the
charge transfer state into the ground state is observed on a picosecond
timescale and is attributed to a passage through a conical intersection.

MO 9.5 Tue 11:45 V38.03
Introducing a new concept to understand excited state dy-
namics in polyenes: The dynamophore — ¢OLIVER ScHALK2,
ANDREY E. BocusLavskiy!, MICHAEL S. SCHUURMAN'!, EBERHARD
RiepLe?, and ALBerr StorLow! — ISIMS, Ottawa, Canada —
2BioMolekulare Optik, LMU, Miinchen

In organic molecules, UV- and vis-photons are absorbed by a chro-
mophore, which constitutes the part of a molecule where the elec-
tronic transition for a given spectral band is localized. However, the
dynamics induced by these photons may take place in a distinct region
of the molecular framework. We define this region as dynamophore,
i.e. the entity where the nuclear dynamics upon light absorption are
mainly localized. This concept allows for systematizing recurring pat-
terns in the relaxation pathway of different molecules and provides
the possibility to develop a simplified model for the photodyamics.
In this presentation, we elaborate on this new concept and show first
examples from our time resolved photoelectron studies and ab initio
calculations on small polyenes such as butadiene, cyclopentadiene [1],
and cyclohexa-1,4-diene [2]. These examples emphasize a trend to-
ward the localization of excited state dynamics, and illustrate the im-
portance of Franck-Condon active modes in the selection of a specific

dynamophore.
[1] O. Schalk et al. J. Phys. Chem. A 114, 4508 (2010).
[2] O. Schalk et al. J. Am. Chem. Soc. 131, 16451 (2011).

MO 9.6 Tue 12:00 V38.03
Reaction Dynamics of a Molecular Switch Unveiled by Co-
herent Two-Dimensional Electronic Spectroscopy — eMARTIN
KuLLMANN, STEFAN RUETZEL, JOHANNES BuBACK, PATRICK NUERN-
BERGER, and ToBias BRIXNER — Institut fiir Physikalische und
Theoretische Chemie, Universitdt Wiirzburg, Am Hubland, 97074
Wiirzburg, Germany

Coherent two-dimensional electronic spectroscopy is usually em-
ployed on molecular species with fixed geometric configuration.
Here we present two-dimensional Fourier-transform electronic spec-
tra of dissolved 6,8-dinitro-1,3’,3’-trimethylspiro[2H-1-benzopyran-
2,2’-indoline|, a photochromic system present in two ring-open forms
which differ by a cis/trans configuration of a double bond. Both iso-
mers undergo a photo-induced ring closure.

The two-dimensional spectra, recorded with 20 fs pump pulses cen-
tered at 605 nm and a supercontinuum probe covering the complete vis-
ible spectral range, allow for a detailed analysis of the photophysics and
photochemistry of the two isomers, and directly reveal that cis/trans
isomerization among them does not play a major role [1]. This exper-
iment demonstrates the potential of two-dimensional electronic spec-
troscopy for reactive processes.

[1] M. Kullmann, S. Ruetzel, J. Buback, P. Nuernberger, and T.
Brixner, J. Am. Chem. Soc. 133, 13074, (2011).

MO 9.7 Tue 12:15 V38.03
Femtosecond Pump-Probe Scanning Near-Field Optical Mi-
croscopy (PP-SNOM): Sub-Wavelength Resolution Chemical
Imaging and Local Dynamics — eTanIrR ZEB KHaN, KHADGA J.
Karki, MaHEsH NAMBOODIRI, and ARNULF MATERNY — Research
Center for Functional Materials and Nanomolecular Science, Jacobs
University, Campus Ring 1, D-28759 Bremen, Germany

Femtosecond time-resolved pump-probe (PP) spectroscopy techniques
allow for the investigation of ultrafast dynamics of molecules. Scan-
ning near-field optical microscopy (SNOM) is capable of generating
images with spatial resolution below diffraction limit. In our work, we
have combined these two techniques enabling us to record nanoscale
images non-invasively along with chemical specificity and local probing
of the molecular dynamics. We present results of PP-SNOM investi-
gations of thin films of the organic semiconductor 3,4,9,10 perylene
tetra carboxylic dianhydride (PTCDA). The exciton dynamics of a
160 nm thick PTCDA layer composed of nano-crystals on glass was
locally probed with a SNOM tip allowing for 100 nm spatial resolu-
tion. Intensity-dependent exciton dynamics observed at exciton den-
sities higher than 1019 cm—3 is attributed to exciton-exciton annihila-
tion. Differences found for the annihilation constant found in far and
near-field investigations are discussed.

MO 10: SYRA: Ultracold Rydberg Atoms and Molecules 2

Time: Tuesday 14:00-16:00

Invited Talk MO 10.1 Tue 14:00 V47.01
Ultralong-range Rydberg molecules — eTnomas Pornr — MPI
for the Physics of Complex Systems, Dresden, Germany

Ultralong-range Rydberg molecules represent an extreme and peculiar
example of chemical binding, where a ground state atom is bound in-
side the electronic wave function of a highly excited Rydberg atom.
Owing to their large bond length of several thousand Bohr radii, these
molecules - first produced in 2009 [1] - exhibit several unusual proper-
ties, some of which will be discussed in this talk.

Following a simplified discussion of the basic interaction mecha-
nisms, I will describe more sophisticated calculations, which reveal,
yet, another new binding mechanism based on internal quantum re-
flection [2]. Good agreement with experiments on ultracold Rubidium
molecules, gives strong indication that the predicted molecular states
indeed provide a manifestation of such elementary quantum phenom-
ena. A close look at small-electric field effects uncovers the existence
of a sizable molecular electric dipole moment [3], which comes as a
surprise for homo-nuclear molecules.

Location: V47.01

Besides being of fundamental interest, such exotic molecules turn
out to be also of relevance to other Rydberg-atom settings. In order to
illustrate this point, I will consider their collective excitation dynam-
ics in mesoscopic ultracold gases and discuss possible implications for
ensemble-based quantum information/optics applications.

[1] V. Bendkowsky et al., Nature (London) 458, 1005 (2009)

[2] V. Bendkowsky et al., Phys. Rev. Lett. 105, 163201 (2010)

[3] W. Li et al., Science 334, 1110 (2011)

Invited Talk MO 10.2 Tue 14:30 V47.01
Quantum Information Processing with Rydberg Atoms —
ePHILIPPE GRANGIER — Institut d’Optique, RD128, 91127 Palaiseau,
France

We will present an overview of the use of direct interactions between
trapped cold Rydberg states for quantum information processing.

A first approach is to use dipole blockade between individually
trapped atoms, used as quantum bits. This allows one to generate
entangled pairs of of atomic qubits, and to perform quantum gates, as
it has been demonstrated by several recent experiments that will be
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presented.

A second approach is to use atomic ensembles, and to excite Ryd-
berg polaritons in order to generate ”giant” optical non-linear effects,
that may lead to quantum gates for photonic qubits. Perspectives in
that direction will be also discussed.

MO 10.3 Tue 15:00 V47.01
Electric field impact on ultra-long-range triatomic polar Ry-
dberg molecules — eMicHAEL MavLE!, SETH T. RITTENHOUSEZ,
PETER ScHMELCHER3, and HosseIN R. SApEGHPOUR? — 1JILA, Uni-
versity of Colorado Boulder and NIST, USA — 2ITAMP, Harvard-
Smithsonian Center for Astrophysics, USA — 3Zentrum fiir Optische

Quantentechnologien, Universitdt Hamburg

We explore the impact of external electric fields on a recently pre-
dicted species of ultra-long-range molecules that emerge due to the
interaction of a ground state polar molecule with a Rydberg atom.
The external field mixes the Rydberg electronic states and therefore
strongly alters the electric field seen by the polar diatomic molecule
due to the Rydberg electron. As a consequence the adiabatic potential
energy curves responsible for the binding can be tuned in such a way
that an intersection with neighboring curves occurs. The latter leads
to an admixture of s-wave character to the Rydberg wave function
and should significantly facilitate the experimental preparation of this
novel species.

MO 10.4 Tue 15:15 V47.01
Supersymmetry in Rydberg-dressed lattice fermions —
eHENDRIK WEIMER!, Liza Huwuse!, ALexey Corsukov?, Guipo
PupiLLo3, PETER ZoLLER?, MIkHAIL LUKIN', and EUGENE DEMLER!
— 1Physics Department, Harvard University, Cambridge, MA, USA
— 2IQI, Caltech, Pasadena, CA, USA — 3University of Strasbourg,
Strasbourg, France — 4University of Innsbruck and IQOQI, Innsbruck,
Austria

Supersymmetry is a powerful tool that allows the characterization of
strongly correlated many-body systems, in particular in the case of
supersymmetric extensions of the fermionic Hubbard model [1]. At
the same time, these models can exhibit rich and exotic physics on
their own, such as flat bands with a vanishing dispersion relation. We
show that such lattice models can be realized with Rydberg-dressed
fermions in optical lattices. Strong interactions within the ground
state manifold of the atoms can be realized by admixing a weak con-
tribution of a highly excited Rydberg state [2]. We discuss the unique
possbilities of ultracold atoms for the detection of supersymmetry and
the effects of tuning the system away from the supersymmetric point.

[1] P. Fendley, K. Schoutens, J. de Boer, PRL 90, 120402 (2003).
[2] J. Honer, H. Weimer, T. Pfau, H. P. Biichler, PRL 105, 160404
(2010).

MO 10.5 Tue 15:30 V47.01
Aufbau eines Experiments zur Rydberganregung von 4°Cat
Ionen — eTHOMAS FELDKER, JULIAN NABER, FERDINAND SCHMIDT-
KALER, DaNIEL KoLBE, MATTHIAS STAPPEL und JOoCHEN WaALZ —
Quantum, Institut fiir Physik, Johannes Gutenberg Universitit, Mainz

In Paulfallen gefange, lasergekiihlte Ionen gehoren zu den vielver-
sprechendsten Kandidaten fiir die Quanteninformationsverarbeitung,
wahrend hoch angeregte Rydbergzustdnde und die damit verbundene
Dipol-Blockade zu den interessantesten Entwicklungen der letzten Jah-
re in der Atomphysik gehoren. Wir vereinen diese Ansétze, indem wir
40Ca™ Tonen in einer Paulfalle in Rydbergzustinde anregen [1,2]. Ziel
ist die Spektroskopie von Rydbergzustinden einzelner Ionen im dyna-
mischen Potential der Paulfalle und die Erzeugung von Vielteilchen-
Verschrankung in Ionenkristallen.

Wir fangen und kiihlen °Cat in einer linearen Paulfalle. Die kalten
Tonen sollen in den metastabilen 3Dy /2 Zustand angeregt werden, aus
dem sie mit Laser-Licht bei 123 nm in einen Rydbergzustand angeregt
werden koénnen.

[1] F. Schmidt-Kaler, T. Feldker, D. Kolbe, J. Walz, M. Miiller, P.
Zoller, W. Li and I. Lesanovsky, New J. Phys., 2011 [2] M. Miiller,
Linmei Liang, Igor Lesanovsky and Peter Zoller, New J. Phys., 2008

MO 10.6 Tue 15:45 V47.01
Strongly interacting single photons in an ultra-cold Rydberg
gas — STEPHAN JENNEWEIN, HuaN NGUYEN, MICHAEL SCHLAG-
MULLER, CHRISTOPH TRESP, and eSEBASTIAN HOFFERBERTH — 5.
Phys. Institut, Universitat Stuttgart

Strong photon-photon coupling can in principle be achieved inside ex-
tremely nonlinear media. The search for few-photon nonlinearities is
a highly active field, including such diverse systems as quantum dots,
NV centers in diamond, atomic ensembles, and single atoms in op-
tical resonators. However, no robust and scalable realization of, for
example, a single-photon switch has been achieved so far. Here, we
present a new approach that aims to realize dramatically enhanced
photon-photon interactions by mapping quantum correlations between
strongly interacting atoms inside an ultra-cold gas onto single photons.
‘We show that this technique can be used to implement building blocks
for photonic quantum information processing, such as a deterministic
single-photon source and a quantum phase gate.

MO 11: Biomolecules

Time: Tuesday 14:00-16:00

MO 11.1 Tue 14:00 V38.02
The Sugar Ribose - Structural Complexity in the Gas
Phase — E. J. Cocinero!, P. Ecual, F. BAsTERRETXEA!, J. A.
FerNANDEZ!, F. CasTaNo!, A. LEsarri?, and ¢J.-U. GraABOW® —
IUniversidad del Pais Vasco, Bilbao, Spain — 2Universidad de Val-
ladolid, Valladolid, Spain — 2Gottfried-Wilhelm-Leibniz-Universitiit,

Hannover, Germany

Sugars are cellular energy fuels, metabolic intermediates, mediators
of cellular interactions and structural building blocks. Recently sug-
ars moved into the focus of the quest for prebiotic building blocks
in the interstellar medium as tracer for the construction of molecular
complexity. However, sugars are structurally complex and elusive to
experimental methods: the C5 D-aldose sugar, ribose, was only eluci-
dated by X-ray crystal diffraction in 2010, but the structural informa-
tion is biased by crystal packing forces. NMR methods conducted in
condensed phases yield only solvent-averaged indirect structures.

In textbooks ribose is usually depicted as a (-furanose, predomi-
nant in ribonucleosides, ARN, ATP and other biochemically relevant
derivatives. But is B-furanose the native form of free ribose? In order
to solve these questions we conducted a rotational study of ribose com-
bining FTMW spectroscopy in supersonic jets with ultrafast UV laser
vaporization. We could detect six low-energy conformers, all belong-
ing to the pyranose motif; in energetic order: cc-B-pyr 'Cy, cc-B-pyr
4Cy, c-B-pyr 1Cy4, c-a-pyr 1Cy4, cc-a-pyr 1Cy, c-a-pyr *C4. As given,
the method also allows for unambiguous distinction between different

Location: V38.02

orientations - clockwise/counterclockwise - of the hydroxyl groups.

MO 11.2 Tue 14:15 V38.02
Monitoring Potential Molecular Interaction Pathways be-
tween Adenine and Amino Acids (Gly, Lys, Arg) Us-
ing Raman Spectroscopy and DFT Modeling — ePATRICE
Donrack!, SuweTta Singub24, SuniL K. Srivastaval:34 Sppas-
TIAN ScHLUCKER?, ProoL C. MisHrAZ, BIRENDRA P. ASTHANAZ,
and ARNULF MATERNY! — !Research Center for Functional Mate-
rials and Nanomolecular Science, Jacobs University, Campus Ring
1, D-28759 Bremen, Germany — 2Department of Physics, Banaras
Hindu University, Varanasi 221005, India — 3Department of Pure
and Applied Physics, Guru Ghasidas Vishwavidyalaya, Main Cam-
pus, Koni, Bilaspur-495009, India — 4Fachbereich Physik, Universitét
Osnabriick, Barbarastrafte 7, D-49076 Osnabriick, Germany

In this contribution, we report on Raman spectroscopy and DFT cal-
culations on binary mixtures of adenine with the amino acids Gly, Lys,
and Arg at varying molar ratios. We have observed specific changes in
the Raman bands of adenine due to the presence of the amino acids.
While this is less apparent in the adenine/Gly system, in for Lys or
Arg consistent changes are observed in the adenine bands that involve
the amino (-NHgz) moiety and the ring N-7 and N-9. Conclusions can
be drawn on the interactions between adenine and Lys or Arg proving
to be sensitive to both protonation and hydrogen bonding properties.
A clear indication is provided that whether the adenine interacts with
an amino acid strongly depends on the chemical structure of the latter.
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DFT calculations have been carried out to further elucidate realistic
interaction schemes of adenine with the amino acids.

MO 11.3 Tue 14:30 V38.02
Excited states lifetimes of riboflavin derivatives in solution —
oY VONNE ScuMITT!, MADINA MANSUROVAZ, WOLFGANG GARTNERZ,
and MARkUs GERHARDs! — !TU Kaiserslautern,Physikal.&Theoret.
Chemie,67663 Kaiserslautern — 2MPI fiir Bioanorganische Chemie,

45470 Miilheim a. d. Ruhr

Riboflavin has a wide spread field of applications in biology. It reaches
from human beings where it is a part of the FAD and FMN, to an-
imals where it is part of the so called cryptochromes and plants in
which it supports the execution of photosynthesis. From the spectro-
scopic point of view riboflavin has interesting features because it can
exist in three redox states and different electronic states with different
structures. The free rotating ribitiyl chain can lead to different isomers
and it is in discussion if these different build ups of riboflavin are im-
portant for its functionality. To characterize different electronic states
and structures of the molecule infrared, absorption, fluorescence and
fluorescence lifetime measurements are applied in addition to quantum
mechanical calculations. In this contribution the attention is turned
to derivatives of riboflavin since riboflavin exists in nature mostly in a
modified form. The electronically excited states and their lifetimes are
characterized in different solvents and compared to the spectroscopic
features of pure riboflavin.

MO 11.4 Tue 14:45 V38.02
IR-MPD and H-/D-exchange studies on aspartame (Asp-
Phe-OMe) and Asp-Phe — eLaRs 1 CHRISTINE

BARZEN",
MEeRKERT!, FaBiaN MeNcEs!, Yeveenty Nosenko!, GEREON
1

NIEDNER-SCHATTEBURG!, PHILIPPE MAITREZ, and JEAN-MICHEL
OrrecAa? — !TU Kaiserslautern, Fachbereich Chemie, Erwin-
Schrodinger-Str. 52, 67663 Kaiserslautern, Germany — 2CLIO/LCP,

Université Paris-Sud 11, 91405 Orsay Cedex, France

Aspartame (Asp-Phe-OMe), which is a well known sweetener, and its
unprotected analog Asp-Phe have been investigated in the gas phase
in the form of protonated cations, of deprotonated anions and of al-
kali metal cation adducts. We recorded infrared multiphoton dissocia-
tion (IR-MPD) spectra of protonated and deprotonated aspartame and
Asp-Phe in the range of 2200 - 3900 cm~! by a Laservision IR-OPO
system and of protonated and deprotonated aspartame in the range
of 600 - 1800 cm~! through application of the Free Electron Laser
(FEL) CLIO in Orsay, Paris. For the protonated and deprotonated
species and for the alkali metal ion adducts (Li-Cs) of both peptides
the most stable structures and IR-spectra have been calculated at DF'T
level (B3LYP//cc-pVDZ/Stuttgart RSC 1997) and have been com-
pared with respect to their alkali binding sites. H-/D-exchange studies
of the protonated and of the alkali metal attached species (Li-K) with
NDs3 in our 7-T-Bruker-FT-ICR mass spectrometer give information
on the number of easily accessible / available acidic protons and there-
fore help to elucidate the structure of these molecules. These results
are compared to the calculated minimum structures.

MO 11.5 Tue 15:00 V38.02
IR/UV investigations of isolated (-turn and (-sheet pep-
tides — oKirsTEN ScuwiNnGg!, THOoMAS ScHRADER?, and MARKUS
GERHARDs! — ITU Kaiserslautern, Physikal. und Theoret. Chemie,
67663 Kaiserslautern — 2Universitdt Duisburg-Essen, Organische
Chemie, 45117 Essen

Due to the direct correlation between structure and functionality of
biomolecules the structural investigation of peptides is of great sci-
entific interest. Beyond the influence from the peptide environment
intrinsic properties as amino acid sequence and secondary structure
are of high importance for conformational preferences. The latter can
be studied in molecular beam experiments with combined IR/UV spec-
troscopy as well as DFT calculations. This strategy is applied to two
tripeptide models containing the aromatic amino acids phenylalanine
and tyrosine (Ac-Phe-Tyr(Me)-NHMe and Boc-Phe-Tyr(Me)-NHMe).
Both species prefer (-turn-structures energetically favoured by aro-
matic 7...m interactions, whose impact on the stability of secondary
structures has been revealed for biological systems. Further impor-
tant secondary structure motifs are B-sheets, whose formation in the
brain tissue is involved in the pathogenesis of different neurodegenera-
tive diseases. Here we describe the first IR/UV analysis of an isolated
hetero dimer in a molecular beam. The chosen systems Ac-Val-Tyr-

NHMe and Ac-Ala-Ala-Ala-OMe can form different binding motifs as
isolated monomer species but the hetero dimer gives a clear evidence of
a (-sheet arrangement indicating driving forces for specific structural
preferences in isolated peptides.

MO 11.6 Tue 15:15 V38.02
Light triggered peptide folding: Beta-hairpin formation on
the nano to microsecond timescale. — ®ANDREAS DEEG!,
MicHAEL Rampp!, Topias E. ScHrRADER!', JosE Prizer?, Luis
MorobpER?, and WoLFGaNG ZINTH! — !BioMolecular Optics, Uni-
versity of Munich, Germany — ?Max-Planck-Institut fiir Biochemie,

Martinsried, Germany

The formation of secondary structure elements like alpha-helices or
beta-hairpins are still a matter of intense scientific interest. We have
investigated the folding mechanism of a beta-hairpin structure with
a model peptide containing two amino acid strands connected by an
azobenzene switch in the centre. The peptide forms a beta-hairpin
when the azobenzene is in the cis conformation and a random structure
for azobenzene in trans [1]. Recently the light triggered unfolding of
the beta-hairpin has been investigated and the unfolding was observed
within 3ns [2]. In this contribution the folding of the peptide was
studied by time resolved vibrational spectroscopy on the nano to mi-
crosecond timescale for different temperatures. We observed strongly
temperature dependent single exponential folding dynamics on the 10-
100 microsecond timescale. A folding mechanism and an energy land-
scape, consistent with our data are discussed.

[1] S.-L Dong, Chem.Eur.J. 12, 1114-1120 (2006)

[2] T.E. Schrader, PNAS 104, 15729-15734 (2007)

MO 11.7 Tue 15:30 V38.02
Rotationally resolved electronic spectroscopy of a flexible
biomolecule: melatonine — eMicHAEL ScHwmITT!, CHRISTIAN
Branp!, W. LeEo MEERTs2, and Davip W. PrarT® — lHeinrich-
Heine-Universitét Diisseldorf — 2Radboud University Nijmegen —

3University of Pittsburgh

Rotationally resolved electronic spectra of two origin bands of mela-
tonin have been analyzed using an evolutionary strategy approach.
From a comparison of the ab initio calculated structures of energy se-
lected conformers to the experimental rotational constants, one band
could be shown to be due to a gauche structure of the side chain, while
the other band is due to an anti structure. Both bands show a split-
ting from the three-fold internal rotation of the methyl rotor in the
N-acetyl group of the molecules. From a torsional analysis we addi-
tionally were able to determine the barriers of the methyl torsion in
both electronic states. The electronic nature of the lowest excited sin-
glet state could be determined to be L (as in the chromophore indole)
from comparison to the results of ab initio calculations.

MO 11.8 Tue 15:45 V38.02
Multiplex-CARS microspectroscopy as a tool for fast charac-
terisation of ligno-cellulosic biomass — eCurisTorH PoHLING!,
CHRISTIAN BrackMAaNNZ, Tiaco Buckup!, ANNIkA ENEJDER?, and
Marcus Motzkus! — 1PCI, Uni Heidelberg, Germany — 2Dep. of
Chemical and Biological Engineering, Chalmers University, Goteborg,

Sweden

‘Wood biopolymers such as cellulose and lignin have strong potential
to replace petroleum-based sources for synthesis of chemicals and ma-
terials. This development requires efficient characterization of these
renewable raw products, especially in industrial processing where mea-
surement speed is an important factor. Raman microspectroscopy de-
tects sample components probing molecular vibrations. However, the
method is time consuming and a pixel dwell time of 500 ms is often nec-
essary in case of biological samples. In this work acquisition time has
been reduced using the non-linear Raman-based technique multiplex
coherent anti-Stokes Raman scattering (MCARS) microscopy. Wood
samples have been investigated using a data acquisition time of 60 ms
per pixel and MCARS provided excellent image contrast, background-
free chemical imaging and quantitative results. Data analysis using
the maximum entropy method (MEM) gave Raman-equivalent data on
sample composition and polarization control of the excitation beams
provided additional information on the molecular orientation of the
wood fibers. In total, MCARS turned out to be a very suitable tool
for material characterization, providing rapid imaging with quantita-
tive measures of sample composition and structural information.
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MO 12: Femtosecond Spectroscopy Il

Time: Tuesday 14:00-16:00

Invited Talk MO 12.1 Tue 14:00 V38.03
New insights into solution-phase chemistry under ambient
conditions via ultrafast X-ray spectroscopy — eNiLs Huse —
Ultrafast Molecular Dynamics Group, Max Planck Research Depart-
ment for Structural Dynamics at the University of Hamburg & Center
For Free Electron Laser Science, Hamburg, Germany

The high chemical specificity and localized nature of core-level tran-
sitions combined with their sensitivity to valence charge distribution,
spin-state, and nuclear motion make transient X-ray spectroscopy a
powerful method to study chemical reactions. In particular, solution-
phase chemistry has been investigated with time-resolved hard X-ray
techniques for the past decade [1-3]; its younger soft X-ray analogue has
delivered first results more recently [4-7]. Moreover, the first transient
spectroscopy of aqueous solution in the X-ray water window demon-
strates the feasibility of studying ultrafast processes via the Nitrogen
K-edge. With attosecond sources approaching the necessary photon
energies, this type of spectroscopy will allow to follow charge migration
and successive chemical reactions in water with the chemical specificity
and atomic resolution intrinsic to core-level transitions.

1. Chen et al., Science 292, 262 (2001); 2 Bressler et al., PRL 90,
047403 (2003); 3. Khalil et al., JPCA 110, 38 (2006); 4. Wernet et al.,
APA 92, 511 (2008), Huse et al., PCCP 11, 3789 (2009); 5. Wen et
al., JCP 131, 234505 (2009); 6. Huse et al. JACS 132, 6809 (2010); 7.
Huse et al. JPCL 2, 880 (2011).

MO 12.2 Tue 14:30 V38.03
Dynamics and structure in hydrogen bonded systems
probed with resonant inelastic soft x-ray scattering
eSiMOoN  ScHRECk!, KristiaN Kunnus!, WiLsoN QUEVEDO!,
Franz HenNiEs?, BriaN KENNEDY2, SIMONE TECHERT?, PHILIPPE
WERNET!, and ALEXANDER FoOuLiscu! IHelmholtz-Zentrum

Berlin — 2MAX-lab — 3Max-Planck-Institut BPC, Géttingen

Hydrogen bonded systems are ubiquitous in nature ranging from bond-
ing in DNA to liquid water as a solvent and the natural medium for
many chemical reactions and proteins. Often the structure and func-
tion of molecules and proteins is determined by the bonding properties
in these systems. On the other hand the structure and the dynam-
ics even of the simplest hydrogen bonded systems such as water and
methanol are still the subject of controversial discussions.

We used resonant inelastic soft x-ray scattering (RIXS) at the O K-
edge to study the dynamics and structure of liquid water and methanol.
RIXS is an element specific and local probe of the valence electronic
structure and hence very sensitive to the local geometric structure.
Since the scattering process takes place in only a few femtoseconds
(fs), RIXS is sensitive to dynamics on the fs-timescale. By detuning
below the absorption resonance, the scattering-duration time can be
reduced significantly and even shorter timescales can be investigated.
Studying the angular anisotropy of the scattered photons gives infor-
mation about the symmetry of the involved states.

The measurements were performed at the synchrotron radiation
source BESSYII at the Helmholtz-Zentrum Berlin.

MO 12.3 Tue 14:45 V38.03
ESIPT in 3-Hydroxyflavone and 3-Hydroxychromone: A
Femtosecond Transient Absorption Study — eKATHARINA
CHEVALIER!, MaTTHIAS M.N. WoLF!, ANDREAS FUNK3, MARKUS
GERHARDS? und RoLF DILLER! — !Dept. of Physics, Univ. Kaisers-
lautern — 2Dept. of Chemistry, Univ. Kaiserslautern, 67663 Kaisers-
lautern, Germany — 3Institute for Buildings and Materials Chemistry,
Univ. Siegen, 57076 Siegen, Germany

3-Hydroxyflavone (3HF) and its derivatives have recently gained inte-
rest as fluorescent probes in micelles, liposomes and membranes. Since
the respective time constant of proton transfer after electronic excita-
tion (ESIPT) with UV light as well as the characteristics of the fluo-
rescence and transient absorption depend strongly on the polarity and
hydrogen bonding ability of the surrounding medium it is important to
understand the mechanism of energy deactivation. 3-hydroxychromone
(3HQ) is one of the basic chromophoric units of naturally occuring fla-
vonoides which can form an intramolecular hydrogen bond. Studies in
gas phase and in hydrocarbon solution have reveiled a proton transfer
in the excited state similar to 3HF but with significant differences in
the emission properties. Results from condensed phase sub-picosecond

Location: V38.03

time resolved absorption spectroscopy are presented and compared to
quantum chemical calculations allowing for the identification and cha-
racterization of photoinduced processes and intermediate states.

MO 12.4 Tue 15:00 V38.03

Ultrafast solvation dynamics of ferulic acid at a micellar

surface — eMAYRA STUHLDREIER!, MicuaL Mavricki!, HENDRIK
BouNKE!, KATHLEEN OEHLKEZ, KARIN ScHWARzZ, and FRIEDRICH
TeEmps! — lInstitute of Physical Chemistry, Christian-Albrechts-

University Kiel, D-24118 Kiel — 2Department of Food Technology,
Christian-Albrechts-University Kiel, D-24118 Kiel

The solvation dynamics of the anti-oxidant ferulic acid (FA) in buffered
aqueous solution and in the palisade layer of CTAB micelles have been
investigated by means of femtosecond time-resolved broadband fluores-
cence spectroscopy. Since the dipole moment of the molecules increases
significantly upon electronic excitation, the solvent shell around the ex-
cited molecule in solution will rearrange to reach the energetically most
favourable position according to the new dipole moment. This reorga-
nization can be monitored by recording the emission spectra shortly
after excitation, as they show a time-dependent red-shift correspond-
ing to the stabilization of the solvated excited molecule. The time
that is needed to reach the equilibrium structure of the solvated ex-
cited molecule and hence to complete the fluorescence shift is directly
related to the mobility of the solvent molecules and therefore to the
structure of the microenvironment of the solvated molecule. Compared
with the dynamic red-shift of the emitted fluorescence in bulk water, a
deceleration of the solvation dynamics of FA in micellar environment
is clearly observable. This difference is attributed to the fast reori-
entation of the water molecules around the excited solutes, which is
sterically hindered at the micellar surface.

MO 12.5 Tue 15:15 V38.03

Femtosecond mid-infrared study on the photochemistry of a
CO-releasing compound in water — ePHILIPP RUDOLF!, FLORIAN
KanaLl, DoMinik GEHRIG!, JoHANNA NieseL?, ToBias BRIXNER!,
ULRICH SCHATZSCHNEIDER?, and PATRICK NUERNBERGER! —
Mnstitut fiir Physikalische und Theoretische Chemie, Universitit
Wiirzburg, Am Hubland, 97074 Wiirzburg, Germany — 2Institut fiir
Anorganische Chemie, Universitat Wiirzburg, Am Hubland, 97074

Wiirzburg, Germany

In recent years, biological applications of CO-releasing molecules
(CORMs), which may be utilized as an in-situ source for carbon
monoxide, an endogenous gasotransmitter in the human body, have
been demonstrated. Especially promising are water-soluble metal car-
bonyl complexes which can act as dark-stable prodrugs under physio-
logical conditions. One of these compounds is the [Mn(CO)3(tpm)|Cl
(tris(pyrazolyl)methane (tpm) manganese tricarbonyl) complex which
undergoes photoinduced CO release upon UV irradiation.

So far, the carbon monoxide liberation has mostly been studied on a
macroscopic scale and at rather long irradiation times of several min-
utes. In this study we want to reveal the ultrafast primary processes of
CO release and the incipient reactions involved. For this purpose, we
employ time-resolved mid-infrared spectroscopy with different pump
wavelengths, exposing an ultrafast dissociation process accompanied
by the formation of new species. These experiments are complemented
by linear spectroscopy methods and DFT calculations on the reactant
as well as on a range of possible photoproducts.

MO 12.6 Tue 15:30 V38.03
Internal conversion vs. ultrafast intersystem crossing:
A benchmark study on substituted cyclopenten-2-ones —
eOLIVER ScHALK!2, PETER Lanc!, GuoroNc Wu2, MICHAEL
S. ScHUURMAN?, ALBERT SToLow?, and EBERHARD RieEDLE! —

1BioMolekulare Optik, LMU, Miinchen — 2SIMS, Ottawa, Canada

Carbonyl groups are one of the most common functional groups in
organic molecules. So far no systematic study exists to address their
influence on excited state dynamics. Here we provide first insight using
time-resolved photoelectron and transient absorption spectroscopy, as
well as ab initio calculations to study the photodynamics of various
substituted cyclopenten-2-ones in dependence on the solvent. We ex-
cite the molecules to the lowest mm*-state. Within 100 fs they reach
a energetically lower n7*-state where the wavepacket bifurcates. Sev-
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eral channels are open for a rapid return to the ground state, pro-
vided by conical intersections which are similar to those found in sim-
ple polyenes, including [1,2]-hydrogen migration, pyramidalization and
ring opening [1]. However, experiments show that the vast majority
of molecules instead perform intersystem crossing to the triplet man-
ifold within 1-5 ps. A likely explanation for this behavior is a tilt in
the conical intersection geometry induced by the carbonyl group which
makes internal conversion hardly accessible for a change of potential
energy surfaces. The rate for intersystem crossing is then determined
by both, the relative energetic positions of the triplet and the nw*-state
and spin orbit couplings which depend on solvent and substitution.
[1] O. Schalk et al., J. Am. Chem. Soc. 131, 16451, (2011).

MO 12.7 Tue 15:45 V38.03
Time Resolved Photoelectron Photoion Coincidence Spectra
of Sodium Doped Water Clusters — JaN P. MuLLERY 2, INGOLF
V. HerreL!, and ¢C.P. Scuurz! — 'Max Born Institute, Max-Born-
Str. 2a, 12489 Berlin — 2Now at: TU Berlin, Institut fiir Optik und

Atomare Physik, Hardenbergstrasse 36, 10623 Berlin

Gas phase clusters of polar solvent molecules doped with an alkali
metal atom are model systems for studying the behaviour of loosely
bound metal valence electrons in a polar environment. In recent years,
we have studied the lifetime of the first electronically excited state
of sodium doped water clusters (Na(H20),). It was found that the
lifetime decreases rapidly with increasing cluster size down to about
100 fs for n > 20 [1]. These short lifetimes are presumably provoked
by fast internal conversion, which is strongly correlated to the DOS
of the intra molecular vibrations. Recently, we have performed time-
resolved photoelectron photoion coincidence experiments. From the
measured kinetic energy distributions of the electrons we gain more
insight into the relaxation process. The results will be compared to
similar measurements on negatively charged water clusters [2].

[1] H.T. Liu, J.P. Miiller, N. Zhavoronkov, C.P. Schulz, I.V. Hertel, J.
Phys. Chem. A, 114, 1508 (2010).

[2] G.B. Griffin, R.M. Young, O.T. Ehrler, D.M. Neumark, J. Chem.
Phys., 131, 194302 (2009).

MO 13: Poster 1: Cold Molecules, Femtosecond Spectroscopy, Molecular Dynamics

Time: Tuesday 16:30-19:00

MO 13.1 Tue 16:30 Poster.IV
Towards Cold Ion-Radical Chemistry with Magnetically De-
celerated Atoms — eKaTrIN Duritz!, Curis J. ReNNIck!,
MicHAEL MoTscu2, HanssUrRe ScHMuTz2, FREDERIC MERKT?, and
Timotrny P. SorTrLEY! — !Department of Chemistry, University
of Oxford, Chemistry Research Laboratory, Mansfield Road, Ox-
ford, OX1 3TA, United Kingdom — 2Laboratorium fiir Physikalische
Chemie, ETH Ziirich, CH-8093, Switzerland

Zeeman deceleration is an experimental technique in which inhomo-
geneous, pulsed magnetic fields are used to control the velocity of a
supersonic beam. The method is based on the Zeeman interaction
between paramagnetic particles and magnetic fields, enabling the de-
celeration of species like atomic hydrogen or molecular oxygen [1, 2].
We present the design of a 12-stage Zeeman decelerator for hydrogen
atoms that can readily be integrated into an existing ion-trap setup [3]
using a bent magnetic hexapole guide. This combined Zeeman deceler-
ator - ion trap experiment will allow for experiments on cold ion-radical
reactions, e. g., between H atoms and sympathetically cooled CO; An
extended version of the decelerator will be used for the deceleration of
deuterium atoms to study kinetic isotope effects in low-temperature
ion-radical reactions. The work will contribute towards the under-
standing of chemical reactivity in the low-temperature regime and it
will provide fundamental tests for chemical reaction theories.

[1] N. Vanhaecke et al., Phys. Rev. A 75, 031402 (2007). [2] E. Nare-
vicius et al., Phys. Rev. A 77, 051401 (2008). [3] S. Willitsch et al.,
Phys. Rev. Lett. 100, 043203 (2008).

MO 13.2 Tue 16:30 Poster.IV
A centrifuge decelerator for supersonic beams of buffer-gas
cooled polar molecules — e ANDREAS ROHLFES, XING WU, CHRIS-
TIAN SOMMER, SOTIR CHERVENKOV, MARTIN ZEPPENFELD, LAURENS
vaN BUUREN, and GERHARD REMPE — Max-Planck-Institut fiir Quan-
tenoptik, Hans-Kopfermann-Str. 1, D-85748 Garching, Germany

We present a novel and versatile scheme for the production of quasi
continuous beams of slow and internally cold polar molecules. We pro-
duce internally cold polar molecules by a supersonic expansion from a
cryogenic buffer-gas cell, which results in the formation of a continuous
and hydrodynamically enhanced beam of longitudinally fast molecules
with a narrow velocity distribution. Further, these beams are accepted
and guided by a quadrupole electric guide [1] to a centrifuge decelera-
tor. The latter employs the centrifugal potential in a rotating frame to
slow down the molecules when they are guided from the periphery to
the center. With this deceleration scheme quasi continuous beams of
internally cold and slow molecules with longitudinal velocities below
20m/s can be produced. Thus this technique is a suitable source of
polar molecules for further experiments, e.g., trapping and subsequent
opto-electrical cooling|2].

[1] L.D. van Buuren et al., Phys. Rev. Lett. 102, 033001 (2009)

[2] M.Zeppenfeld et al.,Phys. Rev. A. 80,041401(R) (2009)

MO 13.3 Tue 16:30 Poster.IV

Location: Poster.IV

Reaching for the Ultracold with Polyatomic Molecules —
eBArRBARA G.U. ENGLERT, RosaA GLOCKNER, ALEXANDER PREHN,
MARTIN ZEPPENFELD, and GERHARD REMPE — Max-Planck-Institut
fir Quantenoptik, Hans-Kopfermann-Str. 1, 85748 Garching, Ger-
many

Realizing a general method for cooling polar molecules to ultracold
temperatures has been a key area of research over the past decade. The
precise control over the molecular degrees of freedom possible at ultra-
cold temperatures combined with the strong dipole-dipole interaction
makes ultracold molecules attractive candidates for applications reach-
ing from many-body physics to quantum information science. A highly
versatile technique to cool a large variety of polyatomic molecules to
the microkelvin regime is opto-electrical cooling [1]. In this general
Sisyphus-type cooling scheme the strong interaction of polar molecules
with electric fields is exploited to repeatedly remove a large amount of
kinetic energy in a single step.

Here we present the first experimental realization of opto-electrical
cooling using trapped CH3F. Trapping is achieved with a microstruc-
tured electric trap [1,2] providing a record-long lifetime of over 10s.
Vibrational and rotational molecular states are driven using infrared
and microwave fields, with homogeneous electric fields in the trap al-
lowing selective addressing of rotational M-sublevels. We achieve a
reduction of the molecular temperature from 358 mK to 77 mK, and
an increase of the phase-space density by a factor of 7.

[1] M. Zeppenfeld et al., Phys. Rev. A 80, 041401(R) (2009).
[2] B.G.U. Englert et al., Phys. Rev. Lett, in press (arXiv:1107.2821).

MO 13.4 Tue 16:30 Poster.IV
Laboratory Astrochemistry in a Multipole RF Ion Trap —
eTHORSTEN BEest!, Eric EnDREs!, Rico Orrol2, and RoLAND
WesTER! — lInst. f. Ionenphysik u. Angew. Physik, Universitit
Innsbruck — 2now at Dept. of Chemistry, Univ. of California San
Diego
Multipole radio-frequency ion traps provide a favourable environment
for laboratory astrochemistry. Collisional cooling with a neutral buffer
gas allows to reach the temperature range characteristic for e.g. the
interstellar medium, in both the internal and motional degrees of free-
dom, and to store molecular ions for extended periods of time.

Through coupling of a 22-pole ion trap with a high resolution time
of flight mass spectrometer, sensitive measurements of both collision-
induced (e.g. reactive) and radiation-induced processes become feasi-
ble. We demonstrate the applicability of this experimental setup to
several problems in laboratory astrochemistry, including photodetach-
ment [1] and reactions with Ha.

A new perspective for the detection and analysis of gas phase
molecules and clusters has recently been opened by the development
of novel radiation sources in the Terahertz domain. In combination
with powerful astronomical observation tools such as HERSCHEL and
ALMA, laboratory THz spectroscopy may lead to the discovery of
new species in various astronomical environments. We present our ap-
proach towards THz action spectroscopy on cold trapped molecular
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ions.

[1] T. Best et al., Ap.J. 742, 63 (2011)

MO 13.5 Tue 16:30 Poster.IV
Detection of Li atoms scattered from a magneto-optical trap
by using slow and cold molecular beams — eBERNHARD RUFF,
MATTHIAS STREBEL, MARCEL MUDRICH, and FRANK STIENKEMEIER
— Physikalisches Institut, Universitdt Freiburg, Herman-Herder-Str.
3, D-79104 Freiburg im Breisgau

Slow beams of cold molecules or atoms produced by a rotating nozzle
are scattered with magneto-optically trapped Li atoms. Detection of Li
by means of surface ionization on a hot ribbon allows to observe elastic
and inelastic scattering processes as a function of kinetic energy down
to about 1 meV. Technical details regarding the slow molecular beam
source, the ultra-cold scattering target and the detection schemes are
discussed. Furthermore, first measurements with different atomic and
molecular beams are presented.

MO 13.6 Tue 16:30 Poster.IV
Cold molecular collisions with merged beams — eANA ISABEL
GonzaLez FLorez!, JANNEKE Broknanp!, HEnrik Haak!, Nico-
LAS VANHAECKE', SEBASTIAAN Y T VAN DE MEERAKKER?, and GER-
ARD MEDER! — !Fritz-Haber-Institut der Max-Planck-Gesellschaft,
Berlin, Germany — 2Radboud University Nijmegen, Nijmegen, the
Netherlands

Beams of Stark-decelerated molecules have proven to be versatile in
studying collisions between atoms and molecules at low collision ener-
gies. In these crossed-beam experiments the minimal collision energy
was limited to 50 cm™! by the center-of-mass kinetic energy of the
atoms (50 cm™!), hampering the observation of resonances in the
scattering cross-section that are predicted to occur at lower energies.

Currently we are developing a set up to collide merged beams of
atoms and Stark-decelerated molecules to reach collision energies down
to 5 cm™!. We use a curved hexapole to guide Stark-decelerated
molecules, such as metastable CO or NDg3, in order to merge them
with a beam of He atoms. The He atoms are injected through vacuum
with an Even-Lavie valve and cooled down with a cold head. The rel-
ative velocity between the two beams can be varied by changing the
final velocity of the Stark-decelerated molecules, thus changing the col-
lision energy. Finally, the molecules can be state-selectively detected
using (1+1) or (2+1) REMPI, in case of CO or NDj3 respectively.

MO 13.7 Tue 16:30 Poster.IV
Towards precision spectroscopy of laser cooled molecules
— oCoORINE MEINEMA, JoosT VAN DEN BERG, KLAus JUNGMANN,
AERNOUT VAN DER PoEL, and STEVEN HoeksTRA — KVI, Univer-
sity of Groningen, The Netherlands

We aim to use lasercooling to bring alkaline-earth monohalide
molecules to ultracold temperatures, in order to perform high-precision
spectroscopic tests of fundamental physics. The selected group of
molecules is promising because an (almost) closed cycle for lasercool-
ing can be created using a limited number of lasers. By using a Stark
decelerator to reduce the average speed of a molecular sample, the re-
quired number of scattered photons to reach the ultracold regime (sim
100 pK) is greatly reduced. We are currently working on a supersonic
beam of SrF molecules, constructing a Stark-decelerator based on ring
electrodes, and setting up the required lasers. Especially interesting
to us are the challenges and possibilities of lasercooling molecules in
the presence of electric fields. A new generation of precision measure-
ments to probe fundamental interactions and symmetries is possible
once such samples of sufficiently cold molecules are available.

MO 13.8 Tue 16:30 Poster.IV

A Molecular Laboratory on a Chip — eMARK ABEL, SILVIO
MaRrx, SAM MEEK, ANNA ISABEL GoONzALEZ FLOREzZ, GABRIELE
SANTAMBROGIO, and GERARD MEIJER — Fritz-Haber Institut der

MPG, 4-6 Faradayweg, 14195 Berlin, Germany

In the past several years, Stark deceleration has proved to be a powerful
tool for controlling the translational motion of neutral polar molecules.
Chip-based Stark decelerators offer many advantages over the macro-
scopic designs used previously; among these are relatively low voltage
requirements, high field gradients, and tight spatial confinement of po-
lar molecules. In addition, chip-based decelerators offer good optical
access for spectroscopic probing and control of the trapped molecules.
We show the design of our "molecular lab on a chip,” its performance,

and the results of rotational- and vibrational spectroscopy on trapped
molecules.

MO 13.9 Tue 16:30 Poster.IV
Low energy scattering of Stark-decelerated OH radicals
with He atoms with high energy resolution — eH. CHRis-
TIAN ScHEwg!, MoriTz KirsTe!, XiNncan Wanc!, Lupwic
SCHARFENBERG!, NicoLAs VANHAECKE!, SEBASTIAAN Y.T. VAN DE
MEERAKKER?, and GERARD MEUER! — !Fritz-Haber-Institut der
Max-Planck-Gesellschaft, Faradayweg 4-6,14195 Berlin, Germany —
2Radboud University Nijmegen, Institute for Molecules and Materi-
als, Heyendaalseweg 135, 6525 AJ Nijmegen, The Netherlands

For collision studies of molecules, a Stark decelerator offers the ad-
vantage that it produces beams of cold neutral polar molecules with a
tunable velocity. A second beam of atoms or molecules will be crossed
to study scattering down to collision energies of a few wavenumbers.

We present future experiments where in particular the inelastic scat-
tering of Stark-decelerated and state-selected OH(X 2H3/2, J =3/2t)
with helium atoms will be carried out [1]. To reach low collision ener-
gies down to 10 cm ™! a pulsed valve of the Even-Lavie type is mounted
on a helium cryostat. The translational velocity and the speed ratio
of Helium beams are characterized and their dependence on the tem-
perature, the stagnation pressure and the opening time of the valve
are determined. Simulations are presented to show how the resolution
of the collision energy can be optimized by bunching of the molecular
packet inside the decelerator. We give a perspective on how theo-
retically predicted scattering resonances of the inelastic cross section
might be resolved.

[1] Kirste et al. Phys. Rev. A 82, 4 (2010).

MO 13.10 Tue 16:30 Poster.IV
Systematic analysis of long-range interactions between vi-
brating polar bialkali molecules — RoMaIN VEXiAu, MAXENCE
LEPERS, MIREILLE AYMAR, ¢OLIVIER DuLIEU, and Napia BouLo-
UFA — laboratoire Aimé Cotton, CNRS, Université Paris-Sud, Orsay,
France

The determination of the long-range anisotropic interactions between
polar bialkali molecules is of crucial importance for the achievement
of a quantum gas of ultracold polar molecules. In particular, the dis-
persion coefficient Cg of the van der Waals interaction depends on the
dynamic polarizability of the molecule evaluated at imaginary frequen-
cies, expressed as a sum over all possible radiative transitions of elec-
tronic dipole moments. Using a mixture of up-to-date spectroscopic
data and accurate ab initio data for potential energy curves, and per-
manent and transition dipole moments, we have obtained the values
of the dispersion coefficients between identical polar molecules (LiNa,
LiK, LiRb, LiCs, NaK, NaRb, NaCs, KRb, KCs, RbCs) in an arbitrary
vibrational level of their electronic ground state. A careful analysis of
the importance of the various kinds of transitions contributing to the
sum has been performed. The Cg values significantly decrease with
increasing vibrational levels towards the sum of the Cg coefficients
between the four involved atomic pairs. For the lowest vibrational lev-
els the Cg parameter varies from about 10% atomic units for KRb up
to 107 atomic units for NaCs, which will lead to different collisional
regimes at ultracold temperatures.

MO 13.11 Tue 16:30 Poster.IV
High-resolution LIR-spectroscopy of molecular ions — eOskar
AsvaNy, SANDRA BRUNKEN, LArs KLUGE, SABRINA (GARTNER, and
STEPHAN ScHLEMMER — I. Physikalisches Institut, Universitdt zu
Koln

Laser Induced Reaction (LIR) is a powerful technique for the spec-
troscopy of molecular ions as well as the study of state-specific rate co-
efficients. It is based on trapping mass-selected ions in a cryogenic ion
trap and probing their laser-induced excitation by the outcome of an
endothermic ion-molecule reaction. In particular, the combination of
cold ions with a narrow-bandwidth optical parametric oscillator (OPO)
enables highly accurate determination of rovibrational transitions. In
this poster, the application of this technique to H;, CH2D™ and CH5+
in the 3 micron wavelength region is presented. H§L and CH2D™ are
molecules of mostly astrophysical interest. For CHaD ¥, the presented
method yielded rovibrational lines known with MHz accuracy. A stan-
dard asymmetric rotor model fitted to the data transferred this acuracy
to the ground state rotational transitions. The method demonstrated
here could be a useful way to determine rotational transitions which are
difficult to measure in the microwave region. The ion CH;r is known
to be the prototype of a floppy molecule. For this reason, its chaotic
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spectrum presented by Takeshi Oka in 1999 is still unexplained. Ap-
plying the LIR-technique, the prospects of obtaining high-resolution
information of CH;r are discussed. In this particular case, cooling of
this floppy ion to populate only the lowest states will be crucial for the
feasibility of the experiment.

MO 13.12 Tue 16:30 Poster.IV
Ultrafast Circular Dichroism Investigation of the Ring Open-
ing in 7-Dehydrocholesterol — eJuLia MEevER-ILsE!2, DENIs
Axivov?, and BeEnjaMiN DieTzek b2 — lInstitute of Physical Chem-
istry and Abbe Center of Photonics, Friedrich-Schiller University Jena,
Jena, Germany — 2Institute of Photonic Technologies (IPHT) Jena
e.V., Jena, Germany

UV-femtosecond time-resolved circular dichroism (TRCD) spec-
troscopy has been used to study the ultrafast changes of chirality in
a small molecular biological paradigm sample, 7-dehydrocholeserol (7-
DHC). Upon UV-photoexcitation, 7-DHC undergoes a ring opening
to produce previtamin D3 and two of the chiral centers of 7-DHC are
removed, which impacts the overall chirality of the molecule. Here,
measurements of this chirality change connected to the ring opening of
7-DHC with a time-resolution of 280 fs are reported. With this method
a previously described discrepancy concerning the photophysics of 7-
DHC was clarified. With our set-up the relaxation time of the chirality
change was measured to be 1-2 ps, which corresponds to the shortest
time-constant in the transient absorption (TA) measurements, allow-
ing us to assign that time-constant to the ring opening.

MO 13.13 Tue 16:30 Poster.IV
Femtosecond Coherence Spectroscopic Study of the Onset of
Chemical Denaturation of Myoglobin upon Addition of Mi-
nor Amounts of Urea — eJuLia MEYER-ILse!2, DENIS AKIMOVZ,
and BeEnjamIN DieTzek!? — llnstitute of Physical Chemistry and
Abbe Center of Photonics, Friedrich-Schiller University Jena, Jena,
Germany — Z2Institute of Photonic Technologies (IPHT) Jena e.V.,
Jena, Germany

The interaction of urea with myoglobin, as a benchmark system for
heme-containing proteins, is studied via femtosecond coherence spec-
troscopy. The work focuses on the effect of urea on the appearance of
low-wavenumber oscillations, which are a measure of the geometrical
structure of the heme group and its interaction with the polypeptide
chain. Pursuing this approach, structural alterations (i.e. changes
in the vibrational dynamics of the heme group) are detected at de-
naturant concentrations below the full denaturation limit of 6M urea
for myoglobin. In particular, the low-wavenumber oscillation associ-
ated with the heme-doming (i.e. the out-off-plane vibration of the
porphyrin macrocycle) is found to appear spectrally shifted with a
concentration of only 3M urea. These results suggest that the local
environment around the heme is already altered despite the fact that
macroscopic unfolding as manifested in the thermodynamic properties
of the polypeptide chain is not complete at these urea concentrations.

MO 13.14 Tue 16:30 Poster.IV
Investigations on the Circular Dichroism in the Photoelec-
tron Angular Distributions of Camphor and Fenchone using
circularly polarized Femtosecond UV-laser pulses — CHRIs-
TIAN LuUx, € VANEssA BRANDENSTEIN, ToM BoLzg, CRISTIAN SARPE,
MatrTHIAS WOLLENHAUPT, and THOMAS BAUMERT — Universitat
Kassel, Institut fiir Physik und CINSaT, D-34132 Kassel, Germany

Enantiomers of a chiral molecule that are non super imposable mirror
images of each other show almost the same physical properties. In
the recent past experiments on enantiomers based on laser irradiation
using circularly polarized ultrashort laser pulses [1,2| or synchrotron
radiation [3] were realized for chiral molecules.

In this contribution we investigate the effect of Circular Dichroism
on the Photoelectron Angular Distributions (PECD) in the Resonance
Enhanced Multi-Photon Ionization of Camphor and Fenchone employ-
ing femtosecond ultraviolet-laser pulses [4]. Our experiments have been
extended to studies of the Above Threshold Ionization and dependen-
cies of the PECD on parameters like intensity, chirp and ellipticity.
[1] C. Logé, A. Bornschlegl, U. Boesl, Anal. Bioanal. Chem. 395,
1631-1639 (2009)

[2] P. Horsch, G. Urbasch, K.-M. Weitzel, Z. Phys. Chem. 225, 587-
594 (2011)

[3] I. Powis in S. A. Rice (Ed.):
(2008)

[4] C. Lux, M. Wollenhaupt, T. Bolze, Q. Liang, C. Sarpe, T. Baumert
(in preparation) (2011)

Adv. Chem. Phys. 138, 267-329

MO 13.15 Tue 16:30 Poster.IV
Accessing higher-lying Reaction Pathways of a Molecu-
lar Switch by Femtosecond Pump—Repump—Probe Spec-
troscopy — eSTEFAN RUETZEL, MARTIN KULLMANN, JOHANNES
BuBack, Patrick NUERNBERGER, and ToBiAs BRIXNER — Insti-
tut fiir Physikalische und Theoretische Chemie, Universitdt Wiirzburg,
Am Hubland, 97074 Wiirzburg, Germany

Many photochromic compounds and their ultrafast dynamics after
photoexcitation have been studied in recent years by means of fem-
tosecond spectroscopy such as transient absorption measurements.
However, the role of higher-lying excited states in these photoreactions
has not been explored for many of these systems. By exploiting spec-
trally resolved pump-repump—probe transient absorption spectroscopy
we are able to resolve the kinetics that happen after excitation to
higher-lying electronic states.

Here we present pump-repump—probe data of the molec-
ular switch 6,8-dinitro-1’,3’,3’-trimethylspiro[2H-1-benzopyran-2,2’-
indoline|, a photochromic system present in two ring-open isomers in
solution which differ in a cis/trans configuration of a double bond. The
pump pulse excites the molecule to its first electronically excited state,
the second pulse is resonant with excited-state absorption, and the
whitelight probe pulse allows the observation of many possible prod-
uct absorptions. Our data suggests the formation of new absorbing
species triggered by optical repumping of the main isomer. A detailed
data analysis as well as a discussion of possible photoproducts to be
formed after repumping is presented.

MO 13.16 Tue 16:30 Poster.IV
Fragment momentum distributions obtained from coupled
electron-nuclear dynamics — eKiLiaN HADER and VOLKER EN-
GEL — Institut fiir Physikalische und Theoretische Chemie, Universitét
Wiirzburg, Emil-Fischer-Str. 42, 97074 Wiirzburg

We theoretically investigate fragmentation processes induced by fem-
tosecond laser pulses within a model which incorporates electronic and
nuclear motion. Single-pulse excitation leads to diffraction patterns in
the electron-momentum distribution which depend on the nature of the
electronic state and also on the nuclear charge distribution. Additional
structures appear in the nuclear-momentum distribution if two time-
delayed pulses produce fragments in the same dissociation channel. It
is shown that these functions are modified by the electronic degree-
of-freedom. A simultaneous excitation of two different electronic state
results in further interferences which are related to electronic wave-
packet dynamics on the attosecond time-scale.

MO 13.17 Tue 16:30 Poster.IV
Ionisation von H;r in starken Laserfeldern — eKEVIN PaAHL,
Max ScHUTT, MATTHIAS ODENWELLER, LOTHAR SCHMIDT, M AKSIM
Kunitski, JiaAN Wu, JasMmIN Ti1TzE, MARKUS WAITZ, DANIEL METZ,
CHRISTOPH GOIHL, FLORIAN TRINTER, JORG VOIGTSBERGER, CHRIS-
TIAN MULLER, T1iLo HAVERMEIER, HENDRIK SANN, HORST SCcHMIDT-
BockiNnGg und REINHARD DORNER — Institut fiir Kernphysik, Farnk-
furt a.M.

Untersuchung der Ionisation von H;' in starken Laserfeldern. Die Mo-
lekiile werden durch Stofionisation ionisiert und in einem Teilchenbe-
schleuniger beschleunigt. Der Ionenstrahl wird anschliefend mit einem
Femtosekundenlaser, der Wellenldnge von 400nm, mit einer Leistung
von 5 - 1014\7\//cm2 im Fokus, zum Uberlapp gebracht. Dabei kon-
nen alle bei der Ionisation freiwerdenden Ionen und Elektronen ge-
messen werden. Durch eine Messung der 2-dimensionalen Ortsprojek-
tion der Reaktionsprodukte und der Flugzeit, kann die Reaktion im
3-dimensionalen Impulsraum vollstadndig rekonstruiert und analysiert
werden. Dariiber hinaus ermdglicht dies eine Berechnung der Reakti-
onsenergien und Darstellung der jeweiligen Winkelverteilung.

MO 13.18 Tue 16:30 Poster.IV
Ionisation von NH;' in starken Laserfeldern — eMax ScHUTT,
KevIN PanL, MATTHIAS ODENWELLER, LOTHAR SCHMIDT, MAKSIM
Kunirski, JiIAN Wu, JasmIN TiTzE, MARKUS WaAITZ, DANIEL METZ,
CHrisTOPH GOIHL, FLORIAN TRINTER, JORG VOIGTSBERGER, CHRIS-
TIAN MULLER, T1iLo HAVERMEIER, HENDRIK SANN, HORST SCHMIDT-
Bocking und REINHARD DORNER — Goethe-Universitat Frankfurt
am Main

Untersuchung der Ionisation von N H2+ in starken Laserfeldern. Die
Molekiile werden durch Stofionisation ionisiert und in einem Teilchen-
beschleuniger beschleunigt. Der Ionenstrahl wird anschlieffend mit ei-
nem Femtosekundenlaser mit einer Leistung 5 - 10'4W/cm? im Fo-
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cus und einer Wellenlinge von 400nm, zum Uberlapp gebracht. Dabei
konnen alle bei der Ionisation freiwerdenden Ionen und Elektronen
gemessen werden. Durch eine Erfassung der 2-dimensionalen Ortspro-
jektion der Reaktionsprodukte und der Flugzeit, kann die Reaktion im
3-dimensionalen Impulsraum vollstandig rekonstruiert und analysiert
werden. Dariiber hinaus ermoglicht dies eine Berechnung der Reakti-
onsenergien und Darstellung der jeweiligen Winkelverteilung.

MO 13.19 Tue 16:30 Poster.IV
Controlling large molecules at kHz repetition rates — SEBAs-
TIAN TripPEL!, TERENCE G. MuLLiNs!, eNELE MULLER!, KAROL
Drucorecki!, and JocaeEN KupperD2 — 1Center for Free-Electron
Laser Science, DESY, Hamburg — 2University of Hamburg

With our new experimental setup we aim for studying ultrafast dynam-
ics of large and complex molecules directly in the molecular frame. In
first benchmark experiments we create supersonic, cold beams of pro-
totypical iodobenzene (CgHsI) molecules at high repetition rates — up
to 1 kHz. These molecular beams are quantum-state selected by dc
electric fields [1,2] and, subsequently, laser aligned and mixed-field ori-
ented by strong picosecond laser fields and weak dc electric fields [2].
The resulting strongly aligned and oriented molecular samples are char-
acterized by strong-field ionization using femtosecond laser pulses and
velocity-map imaging of the produced ions to derive the angular dis-
tribution of the molecules. The degrees of alignment and orientation
are characterized as a function of repetition rate, state selection, and
laser parameters. In the future, the high repetition rate will allow us
to investigate weak processes in molecular dynamics, exploiting, for
instance, molecular-frame photoelectron angular distributions [3].

[1] F. Filsinger et al., Angew. Chem. Int. Ed., 48, 6900-6902 (2009)

[2] L. Holmegaard et al., Phys. Rev. Lett., 102, 023001 (2009)

[3] L. Holmegaard et al., Nature Physics, 6, 428 (2010)

MO 13.20 Tue 16:30 Poster.IV
Femtosecond Time-Resolved Transient Grating Spectroscopy
for the Investigation of Exciton Dynamics in Thin Films
of PTCDA — eTanir ZeB Kunan, Kunapca J. Karki, MAHESH
NamBoobIrl, and ARNULF MATERNY — Research Center for Func-
tional Materials and Nanomolecular Science, Jacobs University, Cam-
pus Ring 1, D-28759 Bremen, Germany

Elementary processes like energy transfer, charge transport, and exci-
ton diffusion in thin films occur on time scales of femtoseconds. Time-
resolved photo-electron spectroscopy, a technique limited to special-
ized ultra-high vacuum environment and the proper choice of sub-
strate, has been used to study ultrafast processes in sub-nanometer
thin films so far. In our contribution, we show that a transient (popu-
lation) grating created by the interference of femtosecond laser pulses
can be applied successfully to access ultrafast processes in such films
under ambient conditions. Our investigations of exciton dynamics in
1.4 + 0.2 and 0.4 & 0.2 nm thin films, formed by nano crystals of
3,4,9,10-perylenetetracarboxylic dianhydride (PTCDA) on glass and
mica, show that the dynamics differ with the crystal size, possibly due
to the confinement-induced changes in the electronic structure. The
technique is sensitive enough to investigate the dynamics in systems,
where only 20% of the surface is covered by nano crystals. This is
an important prerequisite for studying ultrafast dynamics on surfaces,
interfaces, functionalized materials, organic semiconductors, and quan-
tum phenomena in ordered structures of reduced dimensions, such as
quantum dots and graphene sheets.

MO 13.21 Tue 16:30 Poster.IV

Photoinduced Processes in a Low-Spin Cobalt(II)
Semiquinonate Complex — eoFaBiaN Rupp!, KATHARINA
CuevaLier!, Martraias M.N. Worr!, MicHeELE GRAF?, HARALD
KeLm?, Hans-Jore KrUGER?, and RoLr DiLLEr! — 1Dept. of

Physics, Univ. Kaiserslautern — 2Dept. of Chemistry, Univ. Kaiser-
slautern, 67663 Kaiserslautern, Germany

Metal complexes undergoing valence tautomerism and spin-crossover
by external stimuli may be utilized as novel molecular switches [1].
Here we study ultrafast photoinduced processes in the first cobalt(II)
semiquinonate complex, that displays spin-crossover properties rather
than valence tautomerism [2], by means of femtosecond time-resolved
pump-probe-spectroscopy in solution. After photoexcitation of [Co(L-
N4tBug)(dbsq)](B(p-CsH4Cl)4) we probe in the visible/near-infrared
(IR) and mid-IR range for dynamical and structural information on
the transient species [3]. The observed kinetics support the paral-
lel formation of two cobalt(III) catecholate species with different spin
multiplicity that replenish the ground state on a picosecond time scale.

The model will be advanced by quantum chemical calculations and fur-
ther time-resolved as well as steady-state studies of similar complexes
that may allow to indentify vibrational marker bands for the assign-
ment of possible redox- and spin-states.

(1] J.-F. Letard et al., Top. Curr. Chem. 235, 221 (2004)

(2] M. Graf et al., Angew. Chem., Int. Ed. 49, 950 (2010)

[3] M.M.N. Wolf et al., Phys. Chem. Chem. Phys. 10, 4264 (2008)

MO 13.22 Tue 16:30 Poster.IV
Efficient and robust strong-field control of population trans-
fer in sensitizer dyes with designed femtosecond laser pulses
— JOHANNES SCHNEIDER, MATTHIAS WOLLENHAUPT, ANDREAS
WINZENBURG, @ToBIAS BLUMENSTEIN, TiMm BAYER, JENs KOHLER,
RUDIGER FausT, and THoMAS BAUMERT — University of Kassel, In-
stitute of Physics and CINSaT, D-34132 Kassel, Germany

We demonstrate control of electronic population transfer in molecules
with the help of shaped femtosecond laser pulses. To that end we in-
vestigate two photosensitizer dyes in solution being prepared in the
triplet ground state. Excitation within the triplet system is followed
by intersystem crossing and the corresponding singlet fluorescence is
monitored as a measure of population transfer in the triplet system.
We record control landscapes with respect to the fluorescence intensity
on both dyes by a systematic variation of laser pulse shapes combin-
ing second order and third order dispersion. In the strong-field regime
we find highly structured topologies with large areas of maximum or
minimum population transfer being robust with respect to the ap-
plied laser intensities. We then compare our experimental results with
simulations on generic molecular potentials by solving the TDSE for
excitation with shaped pulses. The analysis of the regions of maximum
or minimum population transfer reveals that coherent processes con-
trol the outcome of the excitation process. Within this context we give
an outlook on the application of strong field controlled fluorescence to
nonlinear microscopy.

MO 13.23 Tue 16:30 Poster.IV
Investigation of vibrational coherence generation by fem-
tosecond two-pulse excitation experiments — eJAN PuiLip
Kraack, Marcus Motzkus, and Tiaco Buckup — Physikalisch-
Chemisches Institut, Ruprecht-Karls-Universitat Heidelberg, D-69120
Heidelberg, Germany

Vibrational coherences in nonlinear optical spectroscopy are prepared
by two distinct light-matter interactions. These may take place within
the temporal envelope of a single excitation pulse of femtosecond time
duration in, e.g., two-pulse pump-probe spectroscopy. Alternatively,
each interaction may take place within the temporal envelope of in-
dependent excitation pulses as in, e.g., three-pulse Degenerate Four-
Wave-Mixing (DFWM)[1]. The application of two distinct excita-
tion pulses in DFWM offers important advantages over single excita-
tion pulse techniques regarding investigations of electronic coherence
dynamics. We experimentally and theoretically investigated effects
of variable interpulse delays between excitation pulses in spectrally-
resolved and -integrated DFWM. Clear oscillatory modulation of nor-
mal mode signal intensities is observed for a series of samples with dif-
ferent vibrational characteristics when the interpulse delay is scanned.
These modulation effects are strongly dependent on the displacements
between involved electronic states as well as the number of involved
vibrational modes.

[1]Kraack, J. P.; Motzkus, M.; Buckup, T. The Journal of Chemical
Physics 2011, 135, 224505.

MO 13.24 Tue 16:30 Poster.IV
CRASY: Correlated Rotational Alignment Spectroscopy of
Molecules and Clusters — CHRISTIAN SCHROTER and eTHOMAS
ScHuLTZ — Max-Born-Institut, Berlin

When a molecule is ionized, the formed electron and ion can be de-
tected with quantum yields close to one, leading to an extraordinarily
sensitive characterization of molecular mass and electronic structure.
By using pump-probe ionization schemes, the characterization can be
extended to photoexcited species to observe photochemical reactions
in real time. The information content of such experiments, however, is
insufficient for spectroscopic assignment of molecular structure in all
but the most trivial molecules.

Rotational spectroscopy is a very sensitive tool to characterize
molecular structure. We recently demonstrated the correlated mea-
surement of rotational spectra and pump-probe ionization spectra by
correlated rotational alignment spectroscopy (SCIENCE 333, 1011
(2011)).The experiment combines the extraordinary sensitivity of ion-
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ization spectroscopy with the high-resolution information of rotational
spectroscopy. Through the simultaneous determination of molecular
masses, electron binding energies, and rotational structure for multiple
species in a sample, CRASY can generate spectroscopic data of a new
quality and with unprecedented information content. Our poster will
present the experimental technique and show recent results of CRASY
measurements.

MO 13.25 Tue 16:30 Poster.IV
High Harmonic Spectroscopy of NO3z: Electronic Dynamics
and Molecular Dissociation — eCHuNG-HsIN YANG!, CHRISTIAN
NemeL!, Jesse KrLer!, ArRJAN GIISBERTSEN?, MARC VRAKKING!,
and Hans JakoB WORNER? — ! Max-Born-Institut, Berlin — 2ETH,

Ziirich — 3AMOLF, Amsterdam

Time-resolved photoelectron and photoion velocity map imaging
(VMI) experiments have been used to study NO2 excited close to its
first dissociation limit, leading to NO (XII) and O (3P) fragments.
The NOs molecule was excited to its A 2By excited electronic state
by one pump photon at a center wavelength of 395 nm, followed by a
probe laser pulse in the XUV wavelength region from a high-harmonics
source. The first excited electronic state of NOa, A 2Bs, is embed-
ded within the X 2A; electronic ground state and is strongly coupled
to the X 2A; state via a conical intersection between the two poten-
tial energy surfaces. By varying the time delay between the pump
and probe lasers, we probe the photodynamics of NO2 by measuring
photoion and photoelectron momentum distributions. In our measure-
ments, both NOt and O% yields show exponential growth ( 1-1.5ps
rise time) corresponding to the dissociation time scale observed from
previous energy dependence studies. For the photoelectron results,
some channels with hundred femtoseconds or picoseconds dynamics
have been ascribed to the ionization of NO2 molecule in X 2A4; or
A 2 Bj state, or fragments. However, contributions from electrons cor-
relating with different ions and produced by different high harmonics
result in a large complexity of photoelectron images.

MO 13.26 Tue 16:30 Poster.IV
Time-resolved photoelectron imaging of excited state dynam-
ics in nitric oxide (NO) in the VUV range — PETER TRABS,
Franziska BUCHNER, e ANDREA LUBCKE, ARNAUD Rouzir, Hans-
HerMANN RiTzE, Masoop GHoTBI, and MARC VRAKKING — Max-
Born Institut Berlin

40 fs tuneable VUV pulses in the range of 147 nm - 150 nm are used
to trigger electron dynamics in Rydberg states of NO. A second de-
layed pulse at 800 nm probes the excited state by photoionization.
A velocity map imaging spectrometer is used to measure the angular
and kinetic energy distribution of the ejected photoelectrons in depen-
dence of the delay between pump and probe pulses. We observe three
photoelectron lines and find different oscillations in the photoelectron
yield, the kinetic energy and the angular distribution. These results
are interpreted in terms of beating between different vibronic states.

MO 13.27 Tue 16:30 Poster.IV
The test of approximate relation between inter-nuclear dis-
tances and vibration frequencies in a few-atomic molecule —
eVLADIMIR DAMLIANOVIC — Institute of Physics Belgrade, Pregrevica
118, 11080 Belgrade, Serbia

Recently, the author has found a group of coordinate transformations
that are symmetries of the electronic effective potential and the po-
tential seen by nuclei in a molecule subjected to no external fields
[arXiv:1111.4788v1|. In the lowest order approximation for the elec-
tronic effective potential adapted to these symmetries, one obtains the
approximate relation between the equilibrium distances among nuclei
in the molecule and its vibration frequencies. In this contribution we
have tested this approximation for a variety of simple molecules.

MO 13.28 Tue 16:30 Poster.IV

Multidimensional Quantum Dynamics of Coupled Carbonyl

Vibrations — eMaTEUsz Lisas and OLiver KUHN — Institute of
Physics, Rostock University, Rostock, Germany
The six coupled carbonyl vibrations in the model system

Fep(uSCsHg — S)(COg) are investigated. First, quantum chemical
(DFT) calculations are performed to span a six-dimensional potential
energy surface (PES) in terms of normal mode coordinates. Relevant
anharmonic couplings are identified and strategies for representation of
PES and dipole moment surface are derived. The quantum dynamics
of this model system is studied on the basis of the Multiconfiguration

time-dependent Hartree method. Emphasis is put on the signatures of
anharmonic couplings in linear and nonlinear infrared spectroscopy.

MO 13.29 Tue 16:30 Poster.IV
Ultrafast Exciton Quenching upon Geometry Deformation
in Molecular Aggregates — ®ALEXANDER SCHUBERT!, VOLKER
SeETTELs!, WEN-LAN Livl2, Frank WOURTHNER!, CHRISTOPH
MEeiEr?, REemNHOLD Fink!#, STEFAN SCHINDLBECK®, STEFAN
LocuBrRUNNER®, BrrND ENGELs!, and Vorker EngrL! —
IUniversitdt Wiirzburg — 2Universitdt Heidelberg — 3Université de
Toulouse — 4Universitat Tiibingen — °LMU Miinchen — 6 Universitt
Rostock

The efficiency of energy transport in molecular pi-aggregates is strongly
attenuated by de-excitation mechanisms. We investigated experimen-
tally and theoretically dimer aggregates of 3,4,9,10-perylene tetracar-
boxylic bisimide acid, exemplarily.

The measured absorption spectra could be interpreted assuming
dipole-dipole coupling and a single effective vibrational monomer
mode. An additional intermolecular torsional mode explained the flu-
orescence spectroscopic measurements indicating a long radiative life-
time and a low fluorescence yield. We now established an insight into
the decay dynamics of optically excited state and the reaction path to
the fluorescing state. Transient absorption measurements show that
the excited state decays non-radiatively on an ultrafast fs-time-scale.
This decay can be reproduced by a geometry change which increases
the non-adiabatic transition effectivity. For that purpose we deter-
mined potential energy curves along a reaction coordinate relating the
Franck-Condon geometry to a charge transfer configuration where the
monomers exhibit the anion and cation geometry.

MO 13.30 Tue 16:30 Poster.IV
Non-adiabatic on-the-fly molecular dynamics on the forma-
tion of the DNA Dewar photolesion: Implementation of
ONIOM and CASPT2 — eSvEN OESTERLING, ARTUR NENOV,
BenjaMmIN P. FiNnGErRHUT, and REGINA DE VIVIE-RIEDLE — Ludwig
Maximilians Universitat Miinchen, Department Chemie

Semiclassical on-the-fly dynamics provide a way to simulate molecular
processes of moderate sized systems. Treating the nuclei classically,
abolishes the need to precompute potential energy surfaces, and thus
allows for a full dimensional treatment of the molecular degrees of free-
dom. The electronic properties are computed with quantum chemical
methods, adequate for system-size and nature of the problem. This
combination makes the whole approach an useful tool to investigate
non-adiabatic reactions in many biologically relevant molecules, such
as the nucleobases.

In the process of describing the formation and reversion of the DNA
Dewar photolesion, we implemented an interface for the Molpro quan-
tum chemistry package, in the Newton-X dynamics package. The
two main features are the complete active space perturbation theory
(CASPT?2) and a hierarchical layer scheme (ONIOM). While CASPT2
yields very precise results for the electronically excited bases, the
ONIOM method enables embedding the photoactive fragments into
the phosphate-desoxyribose backbone, treated with computationally
less demanding ground-state methods. In this way both, photochem-
ical, as well as sterical effects can be accounted for, in an appropriate
fashion.

MO 13.31 Tue 16:30 Poster.IV
Rotational effects on enantioseparation — eANDREAS JACOB
and KrLaus HORNBERGER — Universitat Duisburg-Essen, Fakultat fiir
Physik, Lotharstrafe 1-21, 47057 Duisburg

Recently, several ideas to separate enantiomers have been proposed,
i.e. to split molecules in a left handed configuration from their right
handed mirror state [1,2]. They are based on the dynamics caused
by the equations of motion in an adiabatic basis produced by laser
induced gauge potentials. Since the effect of molecular rotation has
been neglected in these studies, we study the influence of the orien-
tation state on the enantioseparation by numerical integration of the
full molecular rotation state. We find that the potential from the adia-
batic dressed state approach cannot be recovered, even in the rotational
ground state. The obtained time-averaged interaction potentials and
the associated forces are then strongly diminished, but they can still
exhibit chiral sensitivity.

[1] Li, Bruder and Sun, Physical Review Letters 99, 130403 (2007)

[2] Li and Shapiro, The Journal of Chemical Physics 132, 194315
(2010)
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MO 14.1 Wed 16:30 Poster.IV
Intensity Fluctuations of the Fluorescence of Individual
Pigment-Protein Complexes from Rhodopseudomonas aci-
dophila. — eSEBASTIAN R. BEYER!, MARIO SCHORNER!, ALEXAN-
pER LOuNER!, JUNE SouTHaLL?, RicHAarD J. CocepELL?, and JUR-
GEN Ko6HLER! — 1Experimental Physics IV, University of Bayreuth,
95440 Bayreuth, Germany — 2Institute of Molecular, Cell and Systems
Biology, College of Medical, Veterinary and Life Sciences, Biomedical
Research Building, Glasgow G12 8QQ, Scotland, UK

The photosynthetic apparatus of purple bacteria is a highly efficient
system to convert solar radiation into biological usable forms of energy.
Part of this photosynthetic apparatus are the so called pigment-protein
complexes. These membrane proteins are responsible for the initial
step in the photosynthesis of purple bacteria — the absorption of sun-
light.

We present a study on the temporal evolution of fluorescence emis-
sion from single pigment-protein complexes. Light harvesting com-
plexes from purple bacteria were investigated under controlled envi-
ronmental conditions with respect to their fluorescence intensity as
well as their spectral properties as a function of time.

MO 14.2 Wed 16:30 Poster.IV
Label-free and quantitative mapping of nucleic acids in cells
and tissues — ePaoLA PIREDDA, VENKATNARAYAN RAMANATHAN,
GREGOR HEHL, and ANDREAS VOLKMER — 3rd Institute of Physics,
University of Stuttgart, 57 Pfaffenwaldring 70569 Stuttgart , Germany

In histopathology and tumor diagnostics, hematoxylin & eosin (H&E)
staining is conventionally used to visualize cells in tissues. Hema-
toxylin specifically binds to nucleoprotiens resulting in blue coloration
of the cell nuclei in bright-field microscopy. Although being a gold
standard, H&E staining is an invasive technique and one cannot har-
ness quantitative information of, for instance, nucleic acid densities.
To circumvent these limitations, a label-free and quantitative imaging
technique exploiting the intrinsic biomolecular vibrations of cellular
species is desirable. In this work, we demonstrate the quantitative
mapping of nucleic acid densities within the nuclei of adipocytes, ker-
atinocytes and endothelial (HDMEC) cells by using confocal Raman
microspectroscopy. These are some of the typical cells found in differ-
ent layers of skin. We have identified the backbone phosphodiester and
nucleobases’ ring breathing vibrations as unique nucleic acid markers.
The proposed method offers the potential for a label-free, rapid and
quantitative mapping of nuclei in tissues by means of coherent Raman
scattering microscopy and its application in tumor diagnostics.

MO 14.3 Wed 16:30 Poster.IV
IR/UV investigations on aluminum containing peptides —
eToBias MARTIN, PHiLIP BiaracH, and MArRkus GERHARDS — TU
Kaiserslautern, Physikal. und Theoret. Chemie, 67663 Kaiserslautern

The interplay of peptides with metal ions is of great interest to ob-
tain information on e.g. ion transport. In order to figure out different
binding motifs in metal/peptide clusters the attachment of Al* and
Al3* cations to the backbone of different protected amino acids and
dipeptide models is investigated by means of mass selective IR pho-
todissociation spectroscopy. In case of clusters with very strong bonds
between the aluminum cation and an amino acid containing an aro-
matic chromophore a new variant of combined IR+UV spectroscopy is
applied in order to yield the vibrational spectra in the NH stretching
region. The comparison with extensive ab initio and DFT calcula-
tions leads to suggestions for structural arrangements. The aluminum
cations are attached to the carbonyl groups and lead to strong changes
of the backbone conformation. The structures are discussed with re-
spect to their stability, spin state and the influence of the aromatic
chromophore.

MO 14.4 Wed 16:30 Poster.IV
Probing ultrafast dynamics in biomolecules in natural envi-
ronment using time-resolved photoelectron spectroscopy —
eMARTIN EcksTeIN', JuLius ZieLiNski', JonaN HuMMERT!, Luca
PoLeETTO0?, OLEG KoRNILOV!, and MARc VRakkING! — 1Max-Born-
Institut, Berlin — 2Luxor, Padua

Location: Poster.IV

We report on the current status of the project, devoted to investi-
gation of ultrafast electron dynamics in molecules and proteins that
play a key role in photoactive biological systems. Recently these sys-
tems have been under active investigation using all-optical techniques.
With the new advances in XUV pulse generation and liquid phase pho-
toelectron spectroscopy we can now study these dynamics by means
of Vis-XUV Pump-Probe Photoelectron spectroscopy. We are imple-
menting a time-compensated monochromator to produce ultra short
XUV pulses from a high order harmonic source and a mliquid water jet
technology to bring solvated biomolecules in vacuum for photoelectron
spectroscopy study. The setup will allow us to map the electron dy-
namics of the photoexcited system onto photoelectron spectrum with
sub-10fs time resolution and probing valence and inner-valence states
in the range of 15 to 50 eV. Advantages of the technique, first results
with small solvated chromophores and prospects of detecting quantum
coherent effects, that have been recently found in the energy transport
in light harvesting complexes, are discussed.

MO 14.5 Wed 16:30 Poster.IV
Energy Transfer and Optical Spectra of the Fenna-Matthews-
Olson Complex: Application of NMQSD Master Equation
— oGERHARD RirscHEL!, JAN Ropen?, WarLrer T. STRUNZ3, and
ALEXANDER EisrELD? — 1Max-Planck-Institut fiir Physik komplexer
Systeme, Dresden, Germany — 2University of California, Berkeley,
USA — 3Technische Universitidt Dresden, Germany — 4Harvard Uni-
versity, Cambridge, USA

A master equation derived from non-Markovian quantum state diffu-
sion [1] is used to calculate the excitation energy transfer and opti-
cal spectra of the photosynthetic Fenna-Matthews-Olson complex at
various temperatures [2]. This approach allows us to treat spectral
densities that explicitly contain the coupling to internal vibrational
modes of the chromophores. Moreover, the method is very efficient
making systematic investigations with respect to parameter variations
tractable.

Particular attention is paid to the recently discovered eighth chro-
mophore, which is believed to play an important role in receiving exci-
tation from the main light harvesting antenna. When site 8 is excited
initially, we see a slow exponential-like decay of the excitation which is
in contrast to the oscillations and a relatively fast transfer that usually
occurs when initialization at sites 1 or 6 is considered [3]. We show
that different sets of electronic transition energies can lead to large dif-
ferences in the energy transfer dynamics and to different linear spectra.

[1] Roden et al. PRL 103, 058301 (2009)

[2] Ritschel et al. NJP 13, 113034 (2011)

[3] Ritschel et al. JPCL 2, 2912 (2011)

MO 14.6 Wed 16:30 Poster.IV
Spectroscopy of Single Perylene Bisimide Trimers: How
Bright States Report About Dark States — eABEY Issacl,
RicHARD HILDNER!, CaTHARINA Hippius?, FRANK WURTHNERZ, and
JoreEN KOHLER! — !Experimental Physics IV and Elite Network
of Bavaria (ENB), University of Bayreuth, 95447 Bayreuth, Germany
— 2Institut fiir Organische Chemie and Réntgen Research Center for
Complex Material Systems, Universitat Wiirzburg, 97074 Wiirzburg,
Germany

We investigate the fluorescence of single perylene bisimide(PBI)triads
linked by two calix[4]arene units, embedded in a polymer matrix.
Emission time traces of single triads recorded at room temperature
show discrete signal levels which probably reflect the radicalization of
individual monomer units. This suggests that the electronic excitations
are mainly localized on a monomer unit (weak coupling regime). Emis-
sion from such localized states carries information about the neighbor-
ing charged (dark) PBI units. In order to extract this information,
we recorded along with the fluorescence intensity as a function of time
both the fluorescence lifetime and the emission spectrum. Correlations
between these observables allow us to characterize the nature of the
dark (radical) state.

MO 14.7 Wed 16:30 Poster.IV

Polarization resolved fluorescence excitation spectroscopy
of individual chlorosomes from wild type Chlorobaculum
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tepidum — eMaRrc JENDRNY!, THws J. Aartsma2, and JUR- JauNke!, MARkus ScHOFFLER'2, THORSTEN WEBER?, JASMIN
GEN KouLEr! — !Chair of experimental physics IV, University of Tirze!, NapiNe NEUMANN!, HENDRIK SANN!, CHRISTIAN STUCK!,

Bayreuth, Germany — 2Department of Biophysics, University of Lei-
den, Netherlands

We investigate the photophysical processes in chlorosomes which are
the main light-harvesting antennae complexes in green photosynthetic
bacteria. These complexes feature a rod-like shape of 100 nm - 200
nm length and 20 nm - 50 nm width and consist of bacteriochlorophyll
¢, d or e depending on the species. The major difference from other
light harvesting complexes is that the chromophores are not embedded
into a protein-scaffold but self-assemble into aggregates. It is assumed
that these antenna complexes vary significantly in size and structure
(alignment of chromophores).

We measured polarization-resolved spectra of several individual
Chlorosomes of the green sulfur bacterium Chlorobaculum tepidum
by fluorescence excitation spectroscopy at low temperature (1.5 K)
to avoid inhomogenous broadening. A global fit of the polarisation
resolved spectra reveals at least two contributions to the broad ab-
sorption at around 750 nm.

MO 14.8 Wed 16:30 Poster.IV
Enantiosensitive Lasermassenspektrometrie: Weiterentwick-
lungen und Spektroskopie — e KATHARINA T1TZE, CHRISTOPH LO-
GE und ULricH BoesL — Technische Universitdt Miinchen, Depart-
ment Chemie, Lehrstuhl Physikalische Chemie I, Lichtenbergstrafie 4,
85748 Garching

Die enantiosensitive Lasermassenspektrometrie ist eine Methode zum
selektiven Nachweis chiraler Molekiile mittels Lasermassenspektrome-
trie. Sie ermdglicht strukturelle und spektroskopische Untersuchungen
wie auch die Bestimmung von Enantiomereniiberschiissen in Stoffge-
mischen. Die fortlaufende Weiterentwicklung der Methode hat zu einer
steten Verbesserung der Nachweisgrenzen gefiihrt. Dies konnte an ei-
ner ausgeweiteten Zahl an Testsubstanzen gezeigt werden, dabei ist
eine Validierung durch den Vergleich von Messungen mitttels klassi-
scher Zirkulardichroismus-Spektroskopie moglich. Die neuesten Unter-
suchungen beschéftigen sich mit dem Einsatz aktiver optischer Ele-
mente zur Erzeugung zirkular polarisierten Lichtes. Bisher eingesetz-
te Verzogererplatten wurden durch Pockelszellen ersetzt, der Einsatz
von photoelastischen Modulatoren ist geplant. Hierdurch lassen sich
systematische Abweichungen der Messungen verhindern, welche wie-
derum die Reproduzierbarkeit und die Nachweisgrenzen beeinflussen.
Neben der technologischen Weiterentwicklung wurde das Augenmerk
auf spektroskopische Untersuchen gerichtet. Erwéhnenswert sind hier
der Zweiphotonen-Zirkulardichroismus sowie Untersuchungen an Uber-
schallstrahlsystemen. Beide Methoden versprechen interessante Ergeb-
nisse tiber chirale Molekiilstrukturen und deren Dynamik.

MO 14.9 Wed 16:30 Poster.IV
Improved potential energy curve of the XlE; state of Mgy —
eHoRrsT KNOCKEL, STEFFEN RUHMANN, and EBERHARD TIEMANN —
QUEST und Inst.f. Quantenoptik, Leibniz Universitat Hannover

Alkaline earth atoms are candidates for the development of optical
clocks because of their narrow optical transitions promising much
higher frequency stability and accuracy than for the present Cs-based
microwave clocks. For ultimate accuracy the cold collision properties
of the atoms must be known. Thus precise knowledge of the molec-
ular potential energy curves (PEC) is important. For Cag and Srp
ground and excited states have been characterized precisely while the
information for Mg is less complete. For the investigation Mgy va-
por was produced in a heat pipe and absorption spectroscopy with a
UV Fourier transform spectrometer yielded a dense spectrum, which
was analyzed with a dedicated computer program to account for the
severe overlap of lines due to the various isotopologues and the high
temperature population distribution of molecular levels. These mea-
surements were extended with additional recordings of laser induced
fluorescence from UV lines of an Art laser and from a frequency dou-
bled TiSa laser, whose frequencies were selected to characterize levels
of the ground state as close as possible to the dissociation limit. The
accuracy of the line frequencies is better by about a factor of four
compared to previous work. The transition frequencies were modeled
by potential energy curves for both upper and lower states. For the
ground state various PEC models and for the upper state the present
status of evaluation will be presented.

MO 14.10 Wed 16:30 Poster.IV
Angular distribution of photoelectrons of H2 and its de-
pendence on the internuclear distance — eUTe Lenz!, TILL

MaTtHEwW JonEs?, SANkaR DE?, ALt BELkacEM?Z, A L LANDERs?, C
L Cockgr3, and REINHARD DORNER! — 1IKF, University of Frankfurt,
D-60438 Frankfurt, Germany — 2LBNL, Berkeley CA 94720 — 3Dept.
of Physics, KSU, Cardwell Hall, Manhattan KS 66506 — “Dept. of
Physics, Auburn AL-36849

In the ground state, the internuclear distance of diatomic molecules
oscillates around its mean value. The dependence of the photoelectron
angular distribution on this distance was analyzed using data measured
with COLTRIMS[1] at the Advanced Light Source. Circularly polar-
ized photons were used to doubly ionize hydrogen molecules. After
emission of both electrons, the molecule fragments into two positively
charged protons. The internuclear distance during the absorption of
the photon is antiproportional to the kinetic energy of the remaining
H-+-ions, namely the KER|[3]. To look a bit closer at the dependence of
the photoelectron distribution on the KER, the experiment was also
performed with linearly polarized photons. The photoelectrons are
then only able to leave the molecule parallel but never perpendicular
to the polarization vector of the electric field [4]. References: [1] R.
Dérner et al., 2000, Phys. Rep. 330 95-192 [2] K. Kreidi et al., 2008,
PRL, 100:133005 [3] T. Weber et al., 2004, Nature, 431:437%440 [4] M.
S. Schoffler et al., 2008, PRA 013414

MO 14.11 Wed 16:30 Poster.IV
Absorption spectroscopy and deperturbation with Sro —
e ALEXANDER STEIN, HorsT KNOCKEL, and EBERHARD TIEMANN —
Institut fiir Quantenoptik, Leibniz Universitat Hannover, Welfengarten
1, 30167 Hannover

Ultracold Sra molecules might offer good opportunities for new and
exciting experiments like the detection of the time variation of the
electron-proton mass ratio (T. ZELEVINSKY AND S. KoTocHiGova
AND J. YE, Phys. Rev. Lett. 100, 043201 (2008)). For the produc-
tion of ultracold molecules in deeply bound rovibrational levels of the
ground state, a precise knowledge of intermediate levels of suitable ex-
cited electronic states is necessary. As shown in our recent publication
on this molecule (A. STEIN AND H. KNOCKEL AND E. TIEMANN, Eur.
Phys. J. D 64, 227 (2011)), the excited states of this molecule are
strongly perturbed and thus a high amount of data is necessary for a
reasonable description of the coupled systems.

We now report on the usage of a highly efficient method for ob-
taining precise level energies from a broad band absorption spectrum
recorded by a Fourier-transform spectrometer. The method is capable
to assign lines in such dense spectra applying the precise knowledge of
the electronic ground state. Results of a deperturbation analysis on
the coupled system 2'SF—1111, will be presented.

MO 14.12 Wed 16:30 Poster.IV
Mulitiphoton ionization and fragmentation of HCl: A com-
petition of different pathways leading to HT, ClT, HCI+ and
Cl~. — MICHAEL SCHILLER, ASYLKHAN RAKHYMZHAN, ALEXEY CHI-
CHININ, SEBASTIAN Kauczok, KaArL HEINZ GERICKE, and € CHRISTOF
MauL — Institut fiir phys. und theo. Chemie, TU Braunschweig, Ger-
many

HCI exhibits a complex fragmentation and ionization behavior upon
resonant photoexcitation of its Rydberg electronic states at around 10
eV. REMPI/TOF techniques and 3D Velocity Map Imaging were used
to state selectively determine product yields and photoproduct kinetic
energy and angular distributions. The total energy range is 15 to 20
eV, depending on a 3 or 4 photon excitation pathway with photons
in the UV wavelength range. Special emphasis is laid on the inter-
mediate state B!t which is reached via 2 photon absorption from
the HCI ground state X!X*. This intermediate Rydberg state holds
a double minimum potential due to the mixing among the VI$* and
E1X* states. A further UV-photon initiates the competition between
ionization and fragmentation processes. Repulsive Rydberg states are
likely to cause the fragmentation and lead to slow Ht and CIT Ions.
The competing pathways via an ion pair state or the ionic ground state
lead to faster HT Ions as well as to HCIT and C1~. An intriguing case
is the Cl~ anion resulting from the photodissociation of the neutral
HCI precursor. Belonging to the ion-pair state, it has so far not been
detected directly, but was assigned by the analysis of various V12t -
X%+ (v,0) transitions, which will also be regarded.

MO 14.13 Wed 16:30 Poster.IV
The B'IT and D'II states in LiRb — ALEXANDER STEIN?, MILENA

Ivanoval, eAsen Pasuov!, Horst KnNorckiL?, and EBERHARD
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TiEMANN? — 1Sofia University St. Kliment Ohridski, Faculty of
Physics, 5 J. Bourchier blvd., 1164 Sofia, Bulgaria — 2Institut fuer
Quantenoptik, Leibniz Universitaet Hannover, Welfengarten 1, D-
30167 Hannover, Germany

The LiRb molecule has been studied at high resolution by Fourier-
transform spectroscopy of laser induced fluorescence. In this contribu-
tion we present the analysis on the excited states B'II and D'II. The
experimental data came from the directly laser induced fluorescence
(LIF) spectra, but also from the analysis of the collisionally induced
rotation relaxation of the LIF lines. We present the current status
of the analysis of the energy levels positions along with a theoretical
model for their description.

The DIII state was observed for the first time during this study.
Although less numerous compared to the observations of the B state,
the collected experimental data allow for determing a potential energy
curve. The influence of possible perturbations will be discussed for
their origin.

MO 14.14 Wed 16:30 Poster.IV
Experimental study of excited electronic states in LiCa —
MiLENA Ivanoval, ALEXANDER STEIN?, eAsEN Pasnov!, HorsT
KNoECKEL2, and EBERHARD TIEMANNZ — 1Faculty of Physics, Sofia
University St. KI. Ohridski, 5 James Bourchier Boulevard, 1164 Sofia,
Bulgaria — 2Institut fuer Quantenoptik, Leibniz Universitaet Han-

nover, Welfengarten 1, D-30167 Hannover, Germany

The 422+ — X232t system in LiCa has been studied by Fourier Trans-
form Spectroscopy. Here we present the analysis of the excited 425+
state. Abundant dataset allowed us to construct accurate potential
curve and to explain also the effective spin-rotation splitting of the
rotational energy levels.

Another band system in LiCa was also studied, namely the 22TI-
X2x+. This system has been already observed in absorption (L.M.
Russonet al., J. Chem. Phys. 109, 6655 (1998)) but we were not able
to detect any fluorescence when exciting at the reported transition
frequencies. In this contribution we discuss the possible reasons.

MO 14.15 Wed 16:30 Poster.IV
Relativistic time-dependent density functional theory, a
study of the ground and excited states of the zinc dimer —
0OssaMa KuLLIE — CNRS et Universit’e de Strasbourg, Institut de
Chimie, Laboratoire de Chimie Quantique, 1 Rue Blaise Pascal, F-
67008 STRASBOURG cedex, France

In this poster I present a (time-dependent) density functional study
of the 20 low-lying excited states as well the ground states of the
zinc dimer Zn2. I analyze the spectrum of the dimer obtained form
all electrons calculations which are performed using time-depended
density functional with a relativistic 4-components-, and spin-free-
Hamiltonian. I will show results for different well-known density func-
tional approximations, in comparing with literature and experimental
values, the results are very encouraging, especially for the lowest ex-
cited states of these dimers. However, the results show that only the
long-range corrected functionals such CAMB3LYP gives the correct
asymptotic behavior for the higher states, for which the best result is
obtained, and a comparable result is obtained from PBEO functional.

MO 14.16 Wed 16:30 Poster.IV
Temperature jump apparatus for kinetic terahertz absorption
spectroscopy — e¢TRUNG QuAN LuoNg, ERIK BRUNDERMANN, and
MaARrTINA HavENITH — Department of Physical Chemistry II, Ruhr-
University Bochum, Germany

We set up a temperature jump (T-jump) apparatus to generate fast
T-jump in aqueous solutions for real-time kinetic study. High power
short laser pulses (40 mJ/pulse, 5 ns bandwidth) are focused on an
aqueous sample to initiate a fast increase in temperature and disturb
an existing chemical equilibrium. The kinetics is probed by terahertz
time-domain spectroscopy (THz-TDS) which is a sensitive method to
observe intermolecular water dynamics. Reproducible T-jumps of 5-
7°C are monitored directly by measuring the temperature dependent
change in THz absorption of water. The sudden increase in tempera-
ture leads to a significant and measurable change of investigated pro-
teins (from folding to unfolding state or vice versa) and their hydration
shell. The first combination between T-jump and THz-TDS provides
opportunities to probe protein folding dynamics through its coupled
water dynamics in the hydration shell.

MO 14.17 Wed 16:30 Poster.IV

Toward atomic resolution X-ray imaging of isolated molecules
— oSTEPHAN STERN!:2, JocHEN KUpPER!2, HENRY CHAPMAN!?2,
and DaNIEL Rorres® — Center for Free-Electron Laser Science
(CFEL), DESY, Hamburg — 2University of Hamburg — 3Max Planck
Advanced Study Group at CFEL, Hamburg

X-ray diffractive imaging is an indispensable tool in science, i.e., for
examination of the structure of matter and complex molecules. X-
ray Free-Electron Lasers allow for ultrafast time-resolved diffractive
imaging of, for example, nanocrystals or individual viruses. Here, we
present first results on the diffractive imaging of controlled — state-,
size-, and isomer-selected and strongly aligned — ensembles of indi-
vidual gas-phase molecules. We have performed the first correspond-
ing experiments using LCLS at SLAC on diiodobenzonitrile and will
present details on the experimental realization, the theoretical back-
ground, and a detailed analysis of the obtained experimental data.

This work was carried out within a collaboration, for which J. Kiip-
per, H. Chapman and D. Rolles are spokespersons. The collaboration
consists of CFEL (DESY, MPG, University Hamburg), Fritz-Haber-
Institute Berlin, MPI Nuclear Physics Heidelberg, MPG Seminconduc-
tor Lab, PNSensor GmbH, Aarhus University, FOM AMOLF Amster-
dam, Lund University, MPI Medical Research Heidelberg, TU Berlin,
Max Born Institute Berlin, and SLAC Menlo Park USA. The experi-
ments were carried out using CAMP (designed and built by the MPG-
ASG at CFEL) at the LCLS (operated by Stanford University on be-
half of the US DOE.)

MO 14.18 Wed 16:30 Poster.IV
Single-beam-CARS using broadband shaped laser pulses —
e ALEXANDER WIPFLER, JEAN REHBINDER, Tiaco Buckup, and
Marcus Motzkus — Physikalisch-Chemisches Institut, Ruprecht-
Karls-Universitat Heidelberg, D-69120 Heidelberg, Germany

CARS microscopy has proven to be a powerful tool for the imaging of
biological and chemical samples. In single-beam-CARS experiments
all photons involved in the signal generation stem from one laser pulse
which decreases the experimental demands. As the accessible Raman
range is limited by the excitation bandwidth, short pulses with broad
spectra are desirable. Therefore special care has to be taken in pulse
compression. We present a new single-beam-setup using a light source
consisting of no more than a commercial sub-10fs-Ti:Sa-oscillator and
a pulse shaper that is able to detect the entire relevant vibrational
Raman spectrum from the fingerprint up to the CH-stretching region.
As one excitation scheme, the control of the Raman excitation is pre-
sented in theory and demonstrated experimentally on neat liquid sam-
ples. Another approach is the multiplexing of single-beam-CARS by
the introduction of a narrowband feature in the excitation spectrum.
This is demonstrated in chemical selective imaging of moss cells and
in the full determination of the third-order nonlinear susceptibility.

MO 14.19 Wed 16:30 Poster.IV

A sample holder for soft x-ray absorption spectroscopy of
liquids in transmssion mode — eSiMON SCHRECK, CHRISTIAN
WENIGER, GIANINA GAvRrILA, and PHILIPPE WERNET — Institute
for Methods and Instrumentation for Synchrotron Radiation Research,
Helmholtz-Zentrum Berlin, Germany
Applying soft x-rays to liquids is challenging due to the incompatibility
of the vacuum environment required for soft x-rays and the high va-
por pressure of liquids. When recording soft x-ray absorption spectra
in transmission mode, which is the most direct and efficient way, the
strong attenuation of soft x-rays in matter calls for ultrathin samples.

Here we present a novel sample holder for soft x-ray absorption spec-
troscopy of liquids in transmission mode based on sample cells with x-
ray transparent silicon nitride membranes. The sample holder allows
for a reliable preparation of ultrathin liquid films with an adjustable
thickness in the nm-pm range. This enables measurements of high
quality x-ray absorption spectra of liquids in transmission mode, as
will be shown for the example of liquid H20O, aqueous solutions of 3d-
transition metal ions and alcohol-water mixtures. The fine structure
of the x-ray absorption spectra is not affected by the sample thickness.
No effects of the silicon nitride membranes were observed in the spec-
tra. It is shown how an inhomogeneous thickness of the sample affects
the spectra and how this can be avoided.

The measurements were performed at the synchrotron radiation
source BESSYII at the Helmholtz-Zentrum Berlin.

MO 14.20 Wed 16:30 Poster.IV
First time-resolved pump-probe experiments at PETRA
ITIT using a synchronized highly repetitive multi-frequency
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laser system — eMoRiTz ScHLIE!2, DENNIS GORIESZ, BENJAMIN
Dicke?, ARMIN AziMAl, MAREK WIELAND!, JENS VIEFHAUS?, ALKE
MEeEeNTs2, and MarRkUs DRescCHER! — lInstitut fiir Experimental-
physik, Universitdit Hamburg, Luruper Chaussee 149, 22761 Ham-
burg, Germany — 2Deutsches Elektronen Synchrotron, Notkestrafe
85, 22609 Hamburg

To enable laser / X-ray pump-probe experiments at the new PETRA
IIT synchrotron radiation facility at DESY, a synchronized laser sys-
tem has been set up. Wavelengths ranging from 210 nm to 2600 nm
are delivered at a high repetition rate of 130 kHz, thus allowing highly
efficient experiments with flexible excitation schemes. The system is
based on a commercial diode-pumped Yb:KGW laser with 6 W output
power followed by an Optical Parametric Amplifier and Harmonic Gen-
eration modules. The laser is synchronized with one electron bunch
in the ring. To this end, phase locked loops (PLL) lock the laser’s
oscillator frequency (83 MHz) and its 6th harmonic to the PETRA
IIT master oscillator (500 MHz) and its 6th subharmonic allowing fur-
thermore the setting of fine and coarse delays. The synchronization-
and delay-scheme are presented together with first time resolved ex-
periments performed at beamline P11.

MO 14.21 Wed 16:30 Poster.IV
Concentrated nanoparticle beams for optical and X-Ray
spectroscopy — eMarkus EritT!, DeENis DurT2, and THOMAS
LeisNErR'? — lInstitute for Environmental Physics, Ruprecht-Karls-
University Heidelberg,Germany — 2Institute for Meteorology and Cli-
mate Research, Karlsruhe Institute of Technology (KIT),Germany

Our setup provides free nanoparticles in a size range from 3 to 10
nm in diameter for spectroscopic investigations. Nanoparticles dis-
persed in a carrier gas and sampled from ambient air or a reservoir
at pressures from 10 to 1000 mbar are transfered to UHV-conditions
using an aerodynamic lens inlet. By concentrating the charged parti-
cles in an electrodynamic cage particle densities of up to 10E8 1/cm3
are reached. Cavity enhanced absorbtion spectroscopy is used for the
determination of optical constants and time-of-flight spectroscopy in
combination with an ulta-short-pulse laser system for mass determi-
nation. High density particle bunches extracted from the cage allow
the application of core level photoelectron spectroscopy at synchrotron
sources. In this contribution we will describe the setup and its func-
tion. The main perspective of this apparatus are observations on meso-
spheric processes (e.g. ice growth on nanometric seeds) under realistic
atmospheric conditions.

MO 14.22 Wed 16:30 Poster.IV
The electric deflector — a state selector for complex
molecular systems — Yuan-Pin CHanc!, SEBAsTIAN TRIPPEL!,
oZEINAB EskaANDARIAN!, TERENCE G. MuLLINS!, STEPHAN STERN!,
LotTE HoLMEGARD!, KarRoL Drucorecki!, and JocHEN KupPER!:2
— ICenter for Free-Electron Laser Science, DESY, Hamburg —

2University of Hamburg

Size and state selection of molecules by means of electric deflection is
an important, recently rejuvenated topic in molecular beam studies.
The force exerted on a neutral polar molecule by an inhomogeneous
electric field can be exploited to spatially separate quantum states due
to their individual effective dipole moments. This state-selection has
been used to experimentally create extremely polar samples for align-
ment and orientation control, as well as for the separation of structural
isomers of complex molecules. In this contribution we will discuss the
optimal shape of the device regarding its selectivity.

We will discuss the already obtained as well as the potential selectiv-
ity on a theoretical and experimental investigation of the separation of
a single species from a cluster coexpansion of water and indole, result-
ing in a modestly cold beam (~5 K) of water, indole, indole(H20) and
indole(H20), (n > 2). Specifically, we have created a pure sample of
the indole-water 1:1 complex using the Chamberlain deflector design.
We evaluate (computationally) the improvements in the selectivity —
for this and other species from the expansion — that are possible using
improved mechanical designs.

MO 14.23 Wed 16:30 Poster.IV
Time resolved XAS of Gag3 at new Petralll beamline P11
— eBeNJaMIN Dicke!, DEnNis GoERIES!, MORITZ ScHLIEZ, ALKE
MeeNTs!, and Epgar WECKERT! — !Deutsches Elektronen Syn-
chrotron (Desy) - Hasylab, Notkestrasse 85, D-22607 Hamburg, Ger-
many — 2Institute for Experimental Physics, University of Hamburg,
Luruper Chaussee 149, D-22761 Hamburg, Germany

Metalorganic compounds such as tris(8-hydroxyquinoline) gallium
(Gag3) are promising materials for the emission layer of Organic light
emitting diodes (OLEDs) due to their specific electro- and photolumi-
nescent properties. Many studies have been done to understand the
mechanisms of electroluminscence in order to develope new emitter
materials and thus optimized OLEDs with higher efficiency. Neverthe-
less the excited state structure remains unknown. To determine the
excited state structure of metalorganic compounds a setup for time
resolved X-ray absorption spectroscopy (XAS) has been developed.
The compound in solution-phase is passed through a nozzle of 30 um
diameter to form a free-standing micro-jet. A pulsed laser which is
synchronized to the synchrotron is focused on the micro-jet and ex-
cites the flowing molecules. The X-ray is directed on the jet so that
X-ray focus and laser focus are overlapping. In this way the excited
states of the molecules are probed. We show first results towards time
resolved XAS of Gag3.

MO 14.24 Wed 16:30 Poster.IV
Soft x-ray emission spectroscopy on liquid jets - probing va-
lence structure of solvents and solutes — eKRrisTiaN Kunnus!,

MARTIN BEeYE!, ALEXANDER FOHLISCH!, SEBASTIAN GRUBELZ,

Franz HEennies®, CHrisTiaN Kavrus!, Kerstin Karus!, BRrian
b b 9

KENNEDY?3, WiLsoN QUEVEDO!, IvaN RaJkovic?, SIMON SCHRECK!,
EpLira SurjoTi', SimoNE TEcHERT?, CHRISTIAN WENIGER!, and
PuiLiPPE WERNET! — !Helmholtz-Zentrum Berlin, Berlin, Germany
— 2Max Planck Institute for Biophysical Chemistry, G&ttingen, Ger-

many — 3MAX-lab, Lund, Sweden

We have developed an experimental set up which combines an in vac-
uum liquid jet with a soft x-ray emission spectrometer to enable reso-
nant inelastic soft x-ray scattering (RIXS) measurements from liquids.
RIXS is a powerful technique which enables to probe occupied and
unoccupied electronic states with elemental and chemical selectivity.
Advantages of using a liquid jet are continuous replenishment of the
sample and absence of membranes to separate the liquid from the vac-
uum. These properties make the setup suitable for complementary
usage at synchrotrons and x-ray free electron laser facilities. As exam-
ple, RIXS L-edge spectra of K3[Fe(CN)g| and CrCls aqueous solutions
together with K-edge spectra of bulk water and alcohols are presented.
These measurements were done at the BESSYII synchrotron radiation
facility in Berlin, Germany.

MO 14.25 Wed 16:30 Poster.IV
Raman Experimental Evidence for CTAB-Chain Bending
within Clay — Generalized Concept of Conformation Reor-
ganization in Long CH3Chains Embedded within Modified
Clay — ePaTricE Donrack!, ELENA A. Sacrroval>2, KiriLL A.
PROKHOROVZ, GOULNARA YU. NIKOLAEVAZ, VIKTOR A. GERASIN?,
Napezupa D. MEgrekaLova®, Eveeny M. Antipovd, PaveL P.
PasHININZ, and ARNULF MATERNY! — lResearch Center of Func-
tional Materials and Nanomolecular Science, Jacobs University Bre-
men, Campus Ring 1, 28759 Bremen, Germany — 2A.M. Prokhorov
General Physics Institute of RAS, Moscow, Russia — 3A.V. Topchiev
Institute of Petrochemical Synthesis of RAS, Moscow, Russia

We have studied the CHa-chain bending in connection with the confor-
mation reorganization and switching within long CHz2-chain molecules
confined in modified clay interlayers. Besides different other observa-
tions, specifically Raman spectra give strong evidence for the bending
within the galleries of clay modified by cetyltrimethylammonium bro-
mide (CTAB)-chains; CTAB consists of single CHa-chains. As also
suggested by computational modeling, the CHz-chain bending results
in a splitting of the symmetric C-C stretching Raman mode into two
subbands, indicating the coexistence of two nonequivalent (in length
and terminal group) CHaz-chain trans-segments within the alkylam-
monium ion embedded in the clay interlayer space. The monitor-
ing of modifier content-dependent interlayer conformational states is
demonstrated. This is important for fabricating modified clays-based
nanocomposites with desired properties in a tunable way.

MO 14.26 Wed 16:30 Poster.IV
Surface-Enhanced Raman Spectroscopy (SERS) for BTEX
Detection — eRaAsHA HAssaANEIN, BERND VON DER KAMMER, and
ARNULF MATERNY — Research Center for Functional Materials and
Nanomolecular Science, Jacobs University, Campus Ring 1, D-28759
Bremen, Germany

Raman spectroscopy gives access to the vibration fingerprint of
molecules even for complex samples in liquid, solid, and gas phase.
The inherent low signal intensity of Raman scattering, which limits
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the detectable concentration, can be drastically enhanced by a sur-
face enhancement (SE) effect. In SE Raman spectroscopy (SERS),
field enhancement is occurring for molecules adsorbed to rough (nano-
structured) surfaces of coinage metals such as Ag, Au, or Cu. In this
contribution, we report the application of SERS for the detection of
traces of contaminations of water. A particular problem are benzene,
toluene, ethylbenzene, and xylene (BTEX), which are volatile organic
compounds found e.g. in petrol, contaminating ground and surface
water. A technique, which is sensitive, rapid, and selective is required
in order to detect the traces of BTEX. We have applied different SERS
techniques and achieved a detection limit for BTEX of 500 ppb in com-
bination with a visible laser excitation source. In our contribution we
discuss the different approaches and present the SERS results.

MO 14.27 Wed 16:30 Poster.IV
Raman Spectroscopy Techniques for the Detection of Ex-
plosives — eRasHA HassaNeEIN, BERND voN DER KAMMER, and
ARNULF MATERNY — Research Center for Functional Materials and
Nanomolecular Science, Jacobs University, Campus Ring 1, D-28759
Bremen, Germany

The detection of explosives and compounds used for the synthesis of
explosive substances attracts considerable attention. In our work, we
have applied different Raman spectroscopy techniques in order to iden-
tify explosive-related molecules with high sensitivity and fingerprint
selectivity. Here, we present results of Raman spectroscopy applied to
perchlorate anions in water. Traces of this highly explosive substance
have been detected in ground water, soil and drinking water as a result
of its use as main component in missile and rocket fuel. Consumption
of perchlorate in drinking water interferers and disturbs the function of
the thyroid gland, which then leads to secondary diseases. Techniques
applied to increase the sensitivity were surface-enhanced Raman spec-
troscopy (SERS), which makes use of local field enhancement close to
metal nanoparticles, as well as accumulation techniques, increasing the
concentration within the interaction range of the excitation laser. Best
results were obtained using resin beads - insoluble polymer particles -
which attract the anions via an ion exchange process. With adapted
resin beads we were able to detect perchlorate traces down to approx.
1 ppb concentration.

MO 14.28 Wed 16:30 Poster.IV
Wigner Function Reconstruction in the Talbot Regime —
eCaroLA Szewc!, Sun Kyune Lee?, MyunasHik Kiv2, and HEN-
DRIK ULBRICHT! — !University of Southampton, Highfield, SO17 1BJ
Southampton, UK — 2QOLS, Blackett Laboratory, Imperial College
London, UK

We theoretically investigate the possibility of Wigner function recon-
struction of the motional quantum state of heavy molecules in the
near-field Talbot-Lau regime. In general, the reconstruction of the
Wigner distribution function is important to test quantum states on
their properties such as entanglement, superposition and coherence.
The wave nature of molecules has been demonstrated by interferom-
etry. We aim to make the next step to extract sufficient information
about the motional quantum state to evidently show a superposition
signature of the associated Wigner function. We therefore report on
the reconstruction of this quasi-probability function under considera-

tion of experimental conditions, such as a finite number of slits, the
limited collimation of the particle beam and the particle-grating van
der Waals interaction. We still find sufficient information to recon-
struct a Wigner function with a meaningful structure and negative
values.

MO 14.29 Wed 16:30 Poster.IV
Experimental imaging of non-adiabatic coupling in a tri-
atomic molecule — ePEErR CoRNELIS FECHNER, KAl MOZER,
and HANSPETER HELM — Physikalisches Institut, Albert-Ludwigs-
Universitat Freiburg

Due to its simple structure, the neutral triatomic hydrogen molecules
Hs and D3 are model-systems for the intramolecular dynamics in poly-
atomic molecules. We find these dynamic features encoded in correla-
tions of the atom-momentum-vectors emerging from 3-body-decay of
state selected molecules, H3 — H(1s) + H(1s) + H(1s). Fragmenta-
tion is induced by non-adiabatic couplings. By collecting the temporal
and spatial information of triple-coincidence fragment atoms from iso-
lated molecules, we deduce the center-of-mass momentum-vector cor-
relation (MVC) which we represent in Dalitz-plots. Here we undertake
a thorough comparison of experimental MVCs of different vibrational
2sA-states of Hz and D3 with predictions from a theoretical model
[1,2]. The agreement of modeled and measured MVCs impressively
shows that the vector correlations are direct images of the product of
the vibrational wavefunction and the spatial dependence of the non-
adiabatic coupling operator responsible for the dissociation. Our com-
parison also indicates that propagation of the hydrogen atoms on the
dissociative ground potential-surface plays only a minor role in shaping
correlation features. Research supported by DFG HE 2525/9.
[1] U. Galster, Phys. Rev. A 81, 032517 (2010)
[2] H. Hoffler et al., Phys. Rev. A 83, 042519 (2011)

MO 14.30 Wed 16:30 Poster.IV
Stark effect enhanced dissociation of high Rydberg states
in the D3 molecule — eKar Mozer, PEER CORNELIS FECHNER,
and HaANsPETER HELM — Physikalisches Institut, Albert-Ludwigs-
Universitat Freiburg

Various terms of non-adiabatic coupling in molecules show a pro-
nounced isotope dependence. This dependence arises primarily from
reduced mass effects and to a lesser extent from effects of nuclear spin.
In order to examine isotope effects we have undertaken a comparative
study of long-lived D3 and Hs molecules in high Rydberg states close
to the ionization threshold. This energy region has been studied with
great scrutiny in dissociative recombination (DR) experiments [2] and
for H3 in a previous study [1]. In our experiment the long-lived Ryd-
berg states (7 > 500ns) are induced to dissociate by a short electric
field pulse experienced by the molecule when it transverses a miniature
spatial region of high electric field (up to 20kV/cm). We monitor in
triple coincidence the three-body decay and compare the results of Hg
and D3. We also compare our findings with observations by Strasser et
al., who examined the DR of cold D;—ions with slow electrons at the
TSR [2]. Research supported by DFG HE 2525/9

[1] P. Fechner and H. Helm, Phys. Rev. A 82, 052523 (2010)

[2] D. Strasser et al., Phys. Rev. A 66, 032719 (2002)
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Time: Thursday 10:30-13:00

MO 15.1 Thu 10:30 V7.03
Interaction enhanced imaging of individual Rydberg atoms in
dense gases — eMARTIN ROBERT-DE-SAINT-VINCENT, GEORG GUN-
TER, CHRISTOPH S. HOFMANN, HANNA ScHEMPP, HENNING LABUHN,
SHANNON WHITLOCK, and MATTHIAS WEIDEMULLER — Physikalis-
ches Institut, Universitdt Heidelberg, Philosophenweg 12, 69120 Hei-
delberg

Neutral atoms in Rydberg states are highly-polarisable particles, which
can experience quantum effects and interactions over macroscopic
distances. Many-body systems of Rydberg atoms offer a unique op-
portunity to create and investigate strong correlations in ultra-cold
atomic gases [1]. Until recently, Rydberg ensembles have mostly been
studied via field-ionization and subsequent ion detection, typically
providing ensemble properties. Here, we present an all-optical method

Location: V7.03

to image individual Rydberg atoms embedded within dense gases
of ground state atoms [2]. The scheme exploits interaction-induced
shifts on highly polarizable excited states of probe atoms, which can
be spatially resolved via an electromagnetically induced transparency
resonance. Using a realistic model, we show that individual Rydberg
atoms can be imaged with enhanced sensitivity and high resolution de-
spite photon shot noise and atomic density fluctuations. This scheme
could be extended to other impurities such as ions, and is ideally
suited to studies of spatially-correlated many-body systems.

[1] Pohl et al., PRL 104, 043002 (2010)
[2] G. Giinter et al., arXiv:1106.5443v1 (2011), to be published in PRL

MO 15.2 Thu 10:45 V7.03
Rydberg Atom Spectroscopy in Electric Fields — eATREJU
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TAuscHINSKY, RIcHARD NEWELL, VANESSA LEUNG, BEN VAN LINDEN
VAN DEN HEUVELL, and RoOBERT SPREEUW — Institute of Physics,
University of Amsterdam, Amsterdam, Netherlands

We study rubidium Rydberg states in static and oscillating electric
fields using Electromagnetically Induced Transparency (EIT) in the
5s-5p-nf system for n > 28 and ¢ = 0...2. We present high-precision
Doppler free measurements of DC Stark shifts in a room tempera-
ture vapour cell which are in excellent agreement with theoretical cal-
culations. These measurements clearly show that the assumption of
quadratically shifting energy levels where the shift is determined by
the polarizability of the state is valid only for very small fields, less
than 5% of the Inglis-Teller Limit.

We furthermore investigate the behaviour of Rydberg states in su-
perposed AC and DC electric fields and observe populated sidebands
of very high order. We present a model, based on generalized Bessel
functions for the sideband population induced by oscillating fields in
arbitrarily stark-shifting levels and compare the results of this model
to our measurements.

Atreju Tauschinsky et al. Spatially resolved excitation of Rydberg
atoms and surface effects on an atom chip. Phys. Rev. A 81, 063411
(2010)

C. S. E. van Ditzhuizen et al. Observation of Stiickelberg oscillations
in dipole-dipole interactions. Phys. Rev. A 80, 063407 (2009)

MO 15.3 Thu 11:00 V7.03
Coherent spectroscopy involving Rydberg states in electri-
cally contacted microcells — eRENATE DASCHNER, RALF RiIT-
TER, DANIEL BARREDO, HARALD KUBLER, ROBERT LOW, and TILMAN
Prau — Universitat Stuttgart

Micron sized glass cells filled with atomic vapor are promising candi-
dates for quantum devices based on the Rydberg blockade. Due to the
strong interaction between two Rydberg atoms, only one Rydberg exci-
tation is possible within a certain volume characterized by the blockade
radius (typically few microns). This effect also provides a nonlinearity
that is an essential tool for proposals to entangle mesoscopic ensem-
bles and to realize single photon sources. Measurements show, that
coherent Rydberg excitation in thermal vapor and micron-sized cells
is possible [1].

The large DC Stark shift of Rydberg atoms provides a possibility to
induce transmission or absorption in the medium. To address individ-
ual cells one needs electrical contact of the cells. This can be done by
coating the inside of glass cells for example with a metal. We show
first measurements in coated electrically contacted cells where we can
shift the signal by more than one linewidth with a DC electric field.

[1] Kiibler, H., Shaffer, J. P., Baluktsian, T., Léw, R. & Pfau, T. Co-
herent excitation of Rydberg atoms in micrometre-sized atomic vapour
cells, Nature Photon. 4, 112-116 (2010)

MO 15.4 Thu 11:15 V7.03
Measurement of the Rydberg ionization current in thermal
vapor cells — eDaNIEL BARREDO, RENATE DASCHNER, HARALD
KUBLER, RAaLF RITTER, RoBERT LOW, and TiLmMAN Prau — 5.
Physikalisches Institut, Universitdt Stuttgart, Germany

Rydberg atoms confined in atomic vapor cells are promising candi-
dates for the realization of single photon sources and quantum optical
devices [1].To date, most information about the behavior of the Ry-
dberg ensembles in thermal vapors has been extracted by absorptive
measurements, e.g. EIT. However, to access directly quantities, like
the population of the excited states, new methods are needed. In this
task, the detection of the Rydberg ionization current provides a com-
plementary and direct insight in the atomic processes.

We show measurements of the Rydberg-ion current in thermal vapor
cells equipped with field plates.

[1] Kiibler, H., Shaffer, J.P., Baluktsian, T., Léw, R. and Pfau,
T. Coherent excitation of Rydberg atoms in micrometre-sized atomic
vapour cells, Nature Photon. 4, 112-116 (2010).

MO 15.5 Thu 11:30 V7.03
Scaling laws and correlations in finite Rydberg gases —
eMARTIN GARTTNERD2, THOMAS GASENZER?, and JOrRG EvVERs! —
IMax-Planck-Institut fiir Kernphysik, Saupfercheckweg 1, D-69117
Heidelberg — Z2Institut fiir Theoretische Physik, Ruprecht-Karls-

Universitdt Heidelberg, Philosophenweg 16, D-69120 Heidelberg

We study the coherent dynamics of a finite laser-driven cloud of ultra-
cold Rydberg atoms by calculating the time evolution from the full
many body Hamiltonian. Using the frozen gas approximation and

treating the atoms as effective two level systems, we are mainly inter-
ested in the spatially resolved properties of the gas in its thermalized
state. Even for resonant coupling to the Rydberg state, the pair cor-
relation function shows a pronounced structure. It turns out that a
simple estimation of the blockade radius predicts the position of the
first maximum of the g(?)-function quite well. However, we show that
algebraic scaling laws as predicted in [1] are modified by finite size
effects which serves as a test of the validity of the super atom picture.
At positive detuning crystalline structures are observed even without
using chirped laser pulses 2], which can be explained by resonant ex-
citation processes and finite size effects.

[1] H. Weimer et al., Phys. Rev. Lett. 101, 250601 (2008)

[2] T. Pohl et al., Phys. Rev. Lett. 104, 043002 (2010)

MO 15.6 Thu 11:45 V7.03
Coherence on Forster resonances between Rydberg atoms
— ®ALEXANDER KRUPP, JOHANNES NIPPER, JONATHAN BALEWSKI,
RoBerT LOw, and TiLMAN Prau — 5.Physikalisches Institut, Univer-
sitdt Stuttgart

Forster resonances are non-radiative dipole-dipole interactions between
oscillating dipoles. Especially in biochemistry these resonances play a
crucial role and describe the energy transfer process between two chro-
mophores, parts of molecules which are responsible for their colors. In
our work these resonances occur between a pair of Rydberg atoms,
creating strong interactions between the atoms.

We report on studies of Forster resonances between Rydberg atoms
in an ultra-cold atomic cloud of 87Rb. By applying a small electric
field we tune dipole coupled pair states into resonance, giving rise to
Forster resonances. Via a Ramsey-type atom interferometer we can
resolve several resonances at distinct electric field strengths. We study
the coherence of the system at and close to the resonances and we
observe a change in phase and visibility of the Ramsey fringes on res-
onance. The individual resonances are expected to exhibit different
angular dependencies, opening the possibility to tune not only the in-
teraction strength but also the angular dependence of the pair state
potentials by an external electric field. In summary, we now have a
tool to coherently tune interactions between Rydberg atoms. In further
studies Rydberg atoms could be used as a model system to simulate
energy transfer processes in bio-molecules.

MO 15.7 Thu 12:00 V7.03
Collective and quasiparticle excitations in 2D dipolar gases —
e ALEXEY FirLiNov und MicHAEL BonNitz — Institut fiir Theoretische
Physik und Astrophysik, Christian-Albrechts-Universitit, Leibnizstr.
15, D-24098 Kiel, Germany

The Berezinskii-Kosterlitz-Thouless transition in dipolar atomic, mo-
lecular and indirect exciton systems has been recently studied by path
integral Monte Carlo simulations [1,2]. Here, we complement these ana-
lyses by the spectral densities of the longitudinal collective and single
particle (SP) excitations by computing the dynamic structure factor,
S(g,w), and the SP spectral function, A(g,w), across the superfluid to
normal fluid transition. The SP spectrum has been worked out by eva-
luation of the one-particle Matsubara Green’s function together with a
stochastic optimization method for the reconstruction of A(g,w) from
imaginary times. We discuss the coupling of both spectra in the super-
fluid phase. We observe sharp resonances due to the quasi-condensate.
The excitations in the normal phase are shifted to higher energies and
significantly damped beyond the acoustic branch. Our results generali-
ze previous zero-temperature analyses based on variational many-body
wavefunctions [2,3]. The underlying physics of excitations and the role
of the condensate is not easily extracted from such calculations. Moreo-
ver, at finite temperatures the use of the variational approach becomes
problematic as the excitation damping becomes significant.

[1] A. Filinov et al., PRL 105, 070401(2010); [2] J. Boning et al.,
PRB 84, 075130(2011); [3] F. Mazzanti et al., PRL 102, 110405(2009);
[4] D. Hufnagl et al., PRL 107, 065303(2011)

MO 15.8 Thu 12:15 V7.03
Crystallization of Rydberg excitations in continuously
driven atomic ensembles — eDavip PETROsyaN"2 and MICHAEL
FLEIscHHAUER! — 1Fachbereich Physik, Technische Universitaet
Kaiserslautern, D-67663 Kaiserslautern — 2Institute of Electronic
Structure and Laser, FORTH, GR-71110 Heraklion, Crete, Greece

We study resonant optical excitations of dense atomic ensembles to
the strongly interacting Rydberg states. We show that in the steady
state of strong continuous driving the correlations of Rydberg exci-
tation probabilities exhibit damped spatial oscillations reminiscent of
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the density waves of a finite temperature Luttinger-liquid with Lut-
tinger parameter K << 1/2. For very strong driving, the period of the
spatial oscillations saturates to a value corresponding to one collective
Rydberg excitation (superatom) per blockade distance. After sudden
switching off of the coupling lasers, the Rydberg quasi-crystal can sur-
vive for tens or hundreds of microseconds, it can be detected in situ by
spatially-resolved Rydberg state ionization or adiabatically converted
into a train of single-photon pulses.

MO 15.9 Thu 12:30 V7.03
Nonlocal Nonlinear Optics in cold Rydberg Gases — eSEvVILAY
SevingLil2, NiLs HenkeL!, CEnap Atres!, and THomas PonL! —
IMax Planck Institute for the Physics of Complex Systems, 01187
Dresden,Germany — 2Department of Physics and Astronomy, Aarhus
University, 8000 Aarhus C, Denmark

Electromagnetically induced transparency (EIT) provides remarkable
possibilities for nonlinear optics by enabling ultraslow group velocities
and storage of light. The combination of EIT and interacting Rydberg
gases has recently attracted considerable theoretical and experimental
interest, as it holds promise for realizing extremely large nonlinearities
by exploiting the exaggerated interactions between Rydberg atoms.
We present an analytical theory of the nonlinear response of cold Ry-
dberg gases. This yields simple expressions for the third order suscep-
tibilities which are in excellent agreement with recent measurements.

It is further found that the nonlinear susceptibility is not only dras-
tically enhanced but also highly nonlocal in nature, corresponding to
long-range photon-photon interactions. Considering the propagation
of light in such a Rydberg-EIT medium, this gives rise to a wealth of
nonlinear wave phenomena, including soliton formation or modulation
instabilities of strongly interacting light fields.

MO 15.10 Thu 12:45 V7.03
Collective interactions in Rydberg-dressed Bose-Einstein
condensates — oeNiLs HENKEL and THomAs PoHL — Max Planck
Institute for the Physics of Complex Systems, Dresden

We investigate a Bose-Einstein condensate where atoms are dressed
to high Rydberg states with strong van der Waals interactions. Solv-
ing exactly the internal many-body state dynamics, we show that this
leads to effective ground state interactions with genuine many-body
character. In the limit of large laser detunings, two-body interactions
dominate [1,2] while many-body interactions become relevant in the
strong-driving limit, i.e. in the limit of large laser intensities or weak
detunings. We study the effects of these higher order interactions and
show that nonlocal phenomena found for binary interactions are still
also observable in the presence of strong collective, i.e. genuine many-
body, interactions.

[1] N. Henkel, R. Nath and T. Pohl, Phys. Rev. Lett. 104 195302

[2] F. Maucher et al., Phys. Rev. Lett. 106 170401

MO 16: Collisions and Spectroscopy in He-Droplets

Time: Thursday 10:30-12:30

MO 16.1 Thu 10:30 V38.02
Energy transfer in the gas phase collision reaction of Cl1~ +
CH3I — eMarkus KowaLEwsKI and REGINA DE ViViE-RIEDLE —
Department Chemie, Ludwigs-Maximilians Universitdt Miinchen

The bimolecular substitution reaction of chloride and methyl iodine be-
longs to a fundamental class of chemical reactions. We are motivated
by the experimental results of Mikosch et al. [1], which has some open
questions. The collision reaction is simulated by solving the time de-
pendent Schrédinger equation on ab intio potential energy surfaces.
With the chosen reactive coordinates it is possible to reproduce the
basic features of the immediate collision reaction. The energy transfer
in the system is investigated and compared to the experimental re-
sults. From the new insight into the process, an intuitive concept of a
dynamical barrier can be derived. Moreover the role of the spectator
mode can be clarified.

[1] J. Mikosch, S. Trippel, C. Eichhorn, R. Otto, U. Lourderaj, J.
X. Zhang, W. L. Hase, M. Weidemiiller, R. Wester, Science 319, 183
(2008).

MO 16.2 Thu 10:45 V38.02
Rotational Angular Momentum Polarisation of HF in
H+FCl(v=0-5, j=0-9)—-HF+Cl at 0.5-20 kcal/mol — eVicTOR
WEI-KEH Wu — Group 1101, Dalian Institute of Chemical Physics,
Chinese Academy of Sciences, 116023 Dalian, PRChina — Department
of Chemical and Materials Engineering, National Kaohsiung Univer-
sity of Applied Sciences, 80782 Kaohsiung, Taiwan — Victor Basic
Research Laboratory e. V. Gadderbaumer-Str. 22, D-33602 Bielefeld,
Germany

Using QCT-PDDCS method, product alignment and orientation on
PES of 1 2A’ have been studied. HF alignment is found to be, (a)
weaker at all collision energies, (b) vibrationally enhanced by the re-
actant FCl, but for case (c), rather insensitive to initially rotational
excitation. The rot. vector of HF orientation pointing to either neg-
ative or positive direction of the y-axis in the c.m. frame, e.g. origin
of the coordinate system, is enhanced by collision energies, while it
becomes weaker at higher vib. (v = 0-5) or rot. (j = 0, 3, 6, 9) exci-
tation levels. Effects of collision energies and of rot. excitation with
15 kcal/mol on the calculated PDDCSs are also shown and discussed.
p(pr) in the range of 0<¢,-<360°, and p(¥r,pr) of 0<9,<180° and
0<¢,<360° at 0.5-20 kcal/mol have been presented. Results of PDD-
CSs of the HF alignment and orientation at these collision energies
are not very strongly distinguishable. QCT-PDDCS code from K-L
Han, Group 1101 of DICP, and financial aids by VBR in Bielefeld,
Germany are acknowledged. Ref. 1. V.W.-K.Wu, M.-Y.Chung, and
F.Kure(Ko), JMS. 983 (2010) 1; 2. V.W.-K.Wu, PCCP. 13 (2011)

Location: V38.02

9407.
MO 16.3 Thu 11:00 V38.02

Transfer ionization in swift DT on H> collisions - depen-
dence of the electron emission on the internuclear distance
— oMarkus Wairz, Hong-KeEuNn Kim, JasmiNn TiTtzeE, MARKUS
S. ScHOFFLER, TiLL JAHNKE, AcHiM CzascH, LotHar PH. H.
ScuMipT, HOorsT ScHMIDT-BOCKING, and REINHARD DORNER — In-
stitut fiir Kernphysik, Goethe-Universitat Frankfurt, 60438 Frankfurt,
Germany

Transfer ionization in swift (several a.u. velocity) ion helium colli-
sions leads to a rich structure in the momentum distribution of the
emitted electron. One part of the electrons is emitted in the forward
direction, similar to single ionization. This might be associated with
a two step process, where two independent interactions of the projec-
tile with either electron leads to capture of one and ionization of the
second one. There is however also a strong distinct peak of backward
emitted electrons. The underlying mechanism is single capture accom-
panied by a shake off of the second electron. Here we report on the
first experimental observation of transfer ionization on molecular hy-
drogen. The momentum distribution of the measured electron shows a
clear subdivision into forward and backward emission. In addition, we
find a surprising dependence of electron emission on the internuclear
distance. The forward part of the electron momentum distribution
gives higher values for perpendicular orientation of the molecule with
respect to the incident beam direction. The SO part does not show
this dependence. As a result, the ratio between forward and backward
emission changes with internuclear distance.

MO 16.4 Thu 11:15 V38.02
Collision cross sections of state selected OH + NO — eMoRiTZ
KirsTE, XiNeaAN WaNG, HANs CHRISTIAN SCHEWE, GERARD MEI-
JER, and SEBASTIAAN VAN DE MEERAKKER — Fritz-Haber-Institut
der Max-Planck-Gesellschaft, Berlin, Deutschland

The crossed molecular beam technique is a mature and important ex-
perimental method to understand molecular interactions and molecular
reaction dynamics. The Stark deceleration technique yields unprece-
dented control over both the internal and external degrees of freedom
of polar molecules in a molecular beam. The combination of both
techniques offers new possibilities in scattering experiments. The ad-
vantages of such an approach are the control over the external and
internal degrees of freedom e.g. a tunable collision energy, a narrow
energy spread and a selected quantum state. We will discuss our results
on the inelastic scattering of state selected OH(XQH% 7J:%,f) radicals

with hexapole state-selected NO (X211 ,J= % Jfradicals, as a function
2
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of the collision energy. Excitation functions of four rotational excited
channels have been measured and will be presented.

MO 16.5 Thu 11:30 V38.02
Study on the pyridine aggregation in helium nanodroplets
— oPaBLO NiETO, TORSTEN POERSCHKE, DANIEL HABIG, GERHARD
ScawaaB, and MARTINA HAVENITH — Department of Physical Chem-
istry II, Ruhr-University, 44780 Bochum, Germany

Pyridine crystals show the unusual property of isotopic polymorphism.
Experimentally it has been observed that deuterated pyridine crystals
exist in two phases while pyridine does not show a phase transition [1].
Therefore, although isotopic substitution is the smallest possible modi-
fication of a molecule it greatly affects the stability of pyridine crystals.
A possible experimental approach in order to understand this striking
effect might be the study of pyridine aggregation for small clusters. By
embedding the clusters in helium nanodroplets the aggregates can be
stabilized and studied by means of Infrared Depletion Spectroscopy.
Pyridine small clusters were identified in the C-H asymmetric vi-
bration region (3000-3100 cm~1!) using this method. The number of
molecules of the clusters responsible of the different bands were identi-
fied by means of pickup curves measurements as well as mass sensitive
detection of the clusters. Investigations with stark field measurements
will be also discussed.
[1] S. Crawford et al., Angew. Chem. Int. Ed., 48, 755 (2009)

MO 16.6 Thu 11:45 V38.02
Time-Of-Flight and Velocity-Map-Imaging-Spectroscopy of
Rubidium-doped Helium Nanodroplets — eAmon Siec!, LuTz
FecuNER?, BARBARA GROUNER', MARCEL Mubpricu!, and FRAaNK
STIENKEMEIER! — 1Physikalisches Institut, Universitit Freiburg,
79104 Freiburg, Germany — 2Max-Planck-Institut fiir Kernphysik,
69029 Heidelberg, Germany

Helium nanodroplets provide an ideal matrix for spectroscopy of em-
bedded atoms and molecules due to the low temperature conditions
(0.4K) and extremely weak interactions with the dopants. In our ex-
periments we ionize rubidium atoms attached to helium nanodroplets
via resonant 2-photon-ionization. With our time-of-flight mass spec-
trometer we are able to discriminate between neat Rb™ ions and
RbHeX-exeiplexes (n=1,2) which are formed upon excitation. The
mass-resolved excitation spectra are in agreement with a pseudodi-
atomic model which treats the dopant atom as one and the whole he-
lium droplet as the other atom of a diatomic molecule. From velocity-
map-images (VMI) of photoelectrons and ions we extract energies and
angular distributions which give detailed insight into the desorption
process of excited Rb and RbHe,, off the droplets.

MO 16.7 Thu 12:00 V38.02
Photoionization dynamics of rubidium atoms attached to he-
lium nanodroplets with amplified femtosecond laser pulses
— eBARBARA GRUNER, MANUEL RoMETscH, FRANK STIENKE-
MEIER, and MARCEL MubpRicH — Physikalisches Institut, Universitét
Freiburg, 79104 Freiburg, Germany

Photoionization of alkali-doped helium nanodroplets with femtosec-
ond laser pulses entails complex dynamics which strongly depends on
the laser pulse intensity. Low laser intensities allow for investigating
the desorption process of the alkali atom off the surface of the helium
droplet and may induce exciplex formation, depending on the excita-
tion wavelength [1,2]. At high pulse intensities the ionization of the
dopant atoms induces the ignition of a nanoplasma that resonantly
couples to the laser field [3]. However, this has not been studied, so
far, for dopants residing at the surface of the droplets. We present
first experiments on the photoionization dynamics of alkali-doped He
nanodroplets using an amplified femtosecond laser.

[1] Krishnan et al., Phys. Rev. Lett.107, 173402 (2011)

[2] Droppelmann, et al. Phys.Rev.Lett. 93, 023402 (2004)

[3] Mudrich et al., Phys. Rev. Lett. 100, 023401 (2008)

MO 16.8 Thu 12:15 V38.02
Investigation of Organic Molecules (PTCDA, Phthalocya-
nines and Porphyrines) in Helium Nanodroplets or on
Neon Clusters — eMARKUS MULLER, MATTHIEU DVORAK, SE-
BASTIAN MULLER, LUKAS ScHAFER, FABIAN HOHNLOSER, and
FraNK STIENKEMEIER — Physikalisches Institut, Universitat Freiburg,
Hermann-Herder-Str.3, 79104 Freiburg

Organic molecules either used as organic semiconductors (PTCDA) or
as dyes in organic solar cells like copper phthalocyanine (CuPc) gain
high interest in their optoelectronic properties. To reveal the electronic
structure of these molecules we utilize Helium Nanodroplet Isolation
(HENDI) Spectroscopy, a well established method to characterize sin-
gle molecules but also molecular complexes inside a cold (370mK) and
weak interacting surrounding.

Laser Induced Fluorescence (LIF) excitation and emission spectra pro-
vide insight into the vibrational structure of the electronic ground state
and the first electronically excited state. We present (LIF) absorp-
tion and fluorescence emission spectra of various organic molecules
and complexes of them attached to helium nanodroplets. Further-
more, measurements with neon clusters have been performed in order
to study the effect of the different cryogenic environment (line shifts
and line broadening).

MO 17: Femtosecond Spectroscopy IV

Time: Thursday 10:30-12:45

Invited Talk MO 17.1 Thu 10:30 V38.03
Ultrafast Processes in Single Molecules: from Small Chro-
mophores to Photosynthetic Antenna Complexes — e RICHARD
HiLpNER', DaaN Brinks!, RicHarD J. CocpELL?, and NiEK F. vaN
HuLst!h3 — 1ICFO - Institut de Ciencies Fotoniques, 08860 Castellde-
fels — 2University of Glasgow, Glasgow G12 8TA — 3ICREA - Insti-
tucio Catalana de Recerca i Estudis Avancats, 08015 Barcelona

Ultrafast excitation-energy transfer is at the heart of both natural
and artificial light-harvesting, and plays a key role in the initial steps
of photosynthesis as well as in photovoltaic applications of organic
functional materials. However, a detailed nanoscale understanding of
energy-transfer processes is hampered to date, because molecular sys-
tems are often highly heterogeneous with disordered environments and
current ultrafast techniques intrinsically average over large ensembles.

Here, we present our recent advances in combining femtosecond
pulse-shaping techniques with single-molecule detection schemes at
room temperature. Employing phase-controlled double-pulse excita-
tion, we resolved ultrafast electronic coherences and their femtosecond
decay in a model system, individual terrylene molecules embedded
in a polymer matrix. We also observed and manipulated vibrational
wave packet interference in single molecules by adapting the time and
phase distribution of the laser field to the ultrafast molecular dynam-
ics. Finally, we discuss how these techniques can be extended to multi-
chromophoric molecular systems. Preliminary results on the ultrafast

Location: V38.03

dynamics of electronic excitations within individual light-harvesting
complexes of purple bacteria are presented.

MO 17.2 Thu 11:00 V38.03
Ultrafast Chromophore Dynamics in Xanthorhodopsin —
eMiriaM CoOLINDRES!, MELANIE GEIER?, ILkA HAFERKAMP?, EKKE-
HARD NEUHAUS?, and RoLr DiLLER! — !Physics Department, Uni-
versity Kaiserslautern, Germany — 2Biology Department, University
Kaiserslautern, Germany

Xanthorhodopsin from the extreme halophile eubacterium Salinibacter
ruber is one of the simplest bioenergetic systems for collecting light us-
ing excited state energy transfer. This member of the retinal protein
family is a light driven transmembrane proton pump (SX) (1). We
present the first results of ultrafast vibrational dynamics on a sub-ps
time scale of the primary photoreaction in xanthorhodopsin. Our ex-
periments show evidence for the proton-pump cycle initiated by Ret
isomerization after excitation of SX. The Ret S1 surface branches into
the hot J-state and the hot all-trans-Ret, followed by vibrational cool-
ing and torsional relaxation of J-state and all-trans-Ret. Our results
suggest a prolonged protein response compared to bacteriorhodopsin.
The protein relaxes slower than in BR (11 ps) (2) and the perturbation
of protein is permanent on the experimental time scale. In this con-
text the excited state dynamics of SX as a sensor for protein dynamics
are of particular interest. Therefore we are currently investigating the
vibrational modes of SX in the carbonyl region between 1700 and 1800
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-1
cm™t.
(1) J. Anton et al., ITUMS, 52, 485-491 (2002)
(2) R. Gro# et al., J. Am. Chem. Soc., 131, 14868-14878 (2009)

MO 17.3 Thu 11:15 V38.03
Possible involvement of multi-photon pathways in fem-
tosecond transient absorption experiments on retinal-
isomerization in Bacteriorhodopsin — eJan PHiLiP KRAACK,
Tiaco Buckup, and Marcus Motzkus — Physikalisch-Chemisches
Institut, Ruprecht-Karls-Universitdt Heidelberg, D-69120 Heidelberg,
Germany

The photo-isomerization of all-trans retinal in Bacteriorhodopsin (BR)
is an important model-reaction in time-resolved spectroscopy on
rhodopsins. Upon photon-absorption, the excited-state population
decays within less than a picosecond to form the ground state pho-
toproduct with high quantum yield around 0.6. An important issue
in the interpretation of BR’s photo-dynamics concerns observable de-
pendences of the signal on intensities of excitation pulses.[1-2]| Using
hyperspectral transient absorption spectroscopy, we investigated the
femtosecond reaction kinetics of BR for a series of experimental pa-
rameters. In particular, we find that excited state relaxation dynamics
depend on the excitation wavelength over a broad energetic range of
excitation (500-600 nm). Screening of excitation-pulse intensities in-
fluences the ratio between ground state bleaching- and photo-product
signal. The results are discussed in the context of existing two-photon
pathways for the generation of photo-products not participating in the
active photo-cycle of BR.[3]

[1]Florean et al., PNAS 2009, 106, 10896. [2]|Prokhorenko et al.,
J.Chem. Phys. 2011, 134, 085105. [3]Fischer et al. Biophys., J. 2005,
89, 1175.

MO 17.4 Thu 11:30 V38.03
Energy Transfer in Light-Harvesting Systems: Influence of
Non-Markovian Environment — eGERHARD RiITscHEL!, Jan
RopeN?, WALTER T. STRUNZ®, and ALEXANDER EisrErLD? — !Max-
Planck-Institut fiir Physik komplexer Systeme, Dresden, Germany —
2University of California, Berkeley, USA — 3Technische Universitit

Dresden, Germany — “Harvard University, Cambridge, USA

The transfer of electronic excitation energy as well as optical proper-
ties of complexes of interacting chromophores, e.g. the FMO complex
or the LH2 antennae in biological photosynthetic systems, are strongly
influenced by an environment. For a proper theoretical description it is
essential to include non-Markovian effects resulting from an electron-
environment coupling that is a rather structured function of energy
leading to a complicated retroaction on the excitation dynamics.

We developed a new approach based on non-Markovian quantum
state diffusion [1] where it is possible to efficiently calculate energy
transfer and optical spectra in a non-perturbative way. Within this
method, it is possible to capture the whole range from coherent dy-
namics to incoherent diffusion and to investigate situations where
environment-assisted transfer occurs.

Using that approach we described the energy transfer dynamics in
one FMO subunit as well as in the full FMO trimer [2, 3] and calculated
linear spectra at various temperatures.

[1] Roden et al. PRL 103, 058301 (2009)

[2] Ritschel et al. NJP 13, 113034 (2011)

[3] Ritschel et al. JPCL 2, 2912 (2011)

MO 17.5 Thu 11:45 V38.03
Ultrafast Electronic Deactivation Dynamics of the Rare Nat-
ural Nucleobases Xanthine and Hypoxanthine — eKATHARINA
RoTTcER and FriEDRICH TEMPS — Institute of Physical Chemistry,
Christian-Albrechts-University Kiel, Olshausenstr. 40, D 24098 Kiel,
Germany

Investigations of the photophysical behaviour of rare DNA and RNA
bases provide insight into the correlation between structural proper-
ties of the nucleobases and their radiationless decay pathways after
UV excitation. Here, we report on the first femtosecond time-resolved
transient absorption measurements of the rare RNA nucleotide xan-
thosine monophosphate in buffered aqueous solution at different pH
values and on the rare natural RNA base hypoxanthine. Measure-
ments were performed with a transient absorption setup which allows
for a highly sensitive, simultaneous detection of broadband absorp-
tion spectra (300-700 nm) and single-colour absorption in the deep
UV range. The excited-state dynamics of xanthosine monophosphate
(XMP) have been found to depend strongly on the excitation wave-
length. It was possible to distinguish the dynamics of two close lying

n* states which are most likely connected via a conical intersection.
The direct observation of the consecutive population of these states
is quite rare in the case of the nucleobases. The dynamics of hypox-
anthine were found to be similar to those of guanine. The results are
discussed in comparison with recently published computational studies
on possible relaxation channels.

MO 17.6 Thu 12:00 V38.03
Ultrafast dynamics of NH stretch vibrations in adenosine-
thymidine base pairs in chloroform solution — eCHRISTIAN
Greve!, Benjamin  Korppe!, Henk Fipper!, NicHoLAs
PRrREKETES®, ERIK T. J. NIBBERING!, SHAUL MUKAMEL?, FRIEDRICH
Temps?, and THoMAs ELsaesser! — Max Born Institut fiir Nicht-
lineare Optik und Kurzzeitspektroskopie, Max Born Strasse 2A, 12489
Berlin, Germany — Z2Institut fiir Physikalische Chemie, Christian-
Albrechts-Universitat zu Kiel, Olshausenstr. 40, 24098 Kiel, Germany
— 3Department of Chemistry, University of California, Irvine, USA

The nucleobases adenine (A) and thymine (T), building blocks in na-
tive DNA and RNA, readily form hydrogen bonded complexes both in
the gas phase and in solution. To gather key insight into these hydro-
gen bonding interactions, we perform femtosecond IR-pump-IR-probe
and polarization-resolved 2D-IR photon echo spectroscopy of the N-H
stretching bands of AT base pairs in chloroform solution which are
located between 3100 and 3500 cm~!. Vibrational population dynam-
ics of hydrogen bonded stretch transitions occur on a subpicosecond
time scale. Cross peaks in the 2D-IR spectra, monitored as a function
of waiting time, show the connectivities in the N-H stretching man-
ifold. The polarization dependence of the cross peaks indicate that
the hydrogen-bonded and the free N-H stretching dipole moments in
these AT base pairs have a well-defined relative orientation. Our ex-
perimental results are combined with quantum chemical calculations
to allow for N-H stretching mode assignments of the Watson-Crick and
Hoogsteen base pair structural motifs present in solution.

MO 17.7 Thu 12:15 V38.03
Time-resolved spectroscopy of triplet states of thymidylic
acids — eBERT MANUEL PiLLEs — LMU Munich

Solar UV radiation is known to induce harmful mutagenic products in
DNA. The major photoproduct is the cyclobutane pyrimidine dimer
(CPD) between neighboring thymine residues. In recent studies it
was shown that the photodimerization reaction induced via 266 nm
excitation occurs predominantly on a 1 ps time scale . This finding
suggests that the reaction occurs via a singlet pathway [1,2]. Never-
theless triplet states are discussed to be possible precursors of thymine
dimer formation.

‘We used time resolved UV pump, IR probe spectroscopy - covering
picoseconds to microseconds - to investigate different single stranded
thymidylic acids (TpT, (dT)18) and the corresponding mononucleotide
(thymidine monophosphate, TMP). We show that femtosecond in-
frared spectroscopy can address triplet specific bands and that the
excitation of the samples leads to the formation of triplet states that
decay on the ns time scale. Different quenching mechanisms (CPD
formation, self quenching, oxygen quenching) will be discussed.

[1]: Schreier, W. J., J. Kubon, et al. (2009). ”Thymine Dimerization
in DNA Model Systems: Cyclobutane Photolesion Is Predominantly
Formed via the Singlet Channel.” Journal of the American Chemical
Society 131(14): 5038-5039.

[2]: Schreier, W. J., T. E. Schrader, et al. (2007). "Thymine dimer-
ization in DNA is an ultrafast photoreaction.” Science 315(5812): 625-
629.

MO 17.8 Thu 12:30 V38.03
Excited state dynamics and binding energies of DN A bases in
aqueous solution — eFRrRANzISKA BUCHNER and ANDREA LUBCKE
— Max-Born-Institut, Max-Born-Strasse 2A, 12489 Berlin, Germany

Interaction of UV light with DNA may lead to photodamage. Photo-
damage of DNA can occur either by direct absorption of uv photons
or by attachment of solvated electrons formed by a photodetachment
process in the vicinity.

We report on the excited state dynamics of DNA bases in aqueous
solution observed by time-resolved photoelectron spectroscopy, exploit-
ing the liquid jet technique. Sub-100 fs pulses of 200 nm or in the range
of 240-266 nm are used to excite a 1 mmolar solution of the DNA base
or its sugar conjugate. Excited state dynamics is probed by photoion-
ization with a delayed UV pulse (also sub-100 fs).

Depending on the photon energy of the pump pulse we either see
formation and recombination of solvated electrons or excited state dy-
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namics of the base itself. Both population dynamics and binding en- ‘ ergies of the excited states will be discussed.

MO 18: Molecular Dynamics

Time: Thursday 14:00-16:00

Invited Talk MO 18.1 Thu 14:00 V38.02
Excited-states and nonadiabatic dynamics: unveiling mech-
anistic aspects of ultrafast photoprocesses in nucleobases —
eMARrIO BARBATTI — Max-Planck-Institut fiir Kohlenforschung, Miil-
heim an der Ruhr, Germany

After UV excitation, all five natural nucleobases composing our ge-
netic code return to ground state without photon emission in the time
scale of 1 ps. This ultrafast deactivation, which increases the photo-
stability of the nucleobases, may have been one of the factors con-
tributing to their selection among a number of other possibilities in
early biotic history on Earth. In the last years, theoretical simulations
along with time-dependent spectroscopy have worked to determine the
excited-state mechanisms employed by these molecules in their ultra-
fast deactivation. In particular, semi-classical nonadiabatic dynamics
simulations have revealed a complex scenario, where multiple different
reaction pathways are in constant competition between them [1] and
whose output is deeply dependent on details of potential-energy sur-
faces of each nucleobases [2]. In this contribution, the current state of
this topic is reviewed and the strengths and limitations of the avail-
able theoretical methods to deal with these phenomema are critically
appraised.

[1] M. Barbatti, A. J. A. Aquino, J. J. Szymczak, D. Nachtigallova,
P. Hobza, and H. Lischka, Proc. Natl. Acad. Sci. U. S. A. 107, 21453
(2010).

[2] M. Barbatti and S. Ullrich, Phys. Chem. Chem. Phys. 13,
15492 (2011).

MO 18.2 Thu 14:30 V38.02
Improvements to the Instanton Method: Tunneling in Large
Systems — eJupiTH B. RoMMEL and JoHANNES KASTNER — Insti-
tute of Theoretical Chemistry, University of Stuttgart, Germany

Quantum tunneling of atoms has a major impact on chemical reactions,
in particular on reactions including hydrogen transfers. The enzyme
glutamate mutase catalyzes a radical reaction involving two hydrogen
transfers. We found the hydrogen transfers to be rate limiting [1].
The experimentally found kinetic isotope effects ranging from 6 to 30
suggest hydrogen tunneling. An improved path-integral-based instan-
ton approach is used to figure out how the enzyme modulates these
effects. The calculation of tunneling rates and kinetic isotope effects in
systems with several hundred degrees of freedom like enzymes requires
to locate the instanton via an optimization. We found a quadratically
converging Newton-Raphson method to be better than mode following
methods. The tangent mode method, recently proposed by us, turned
out to be the fall-back option [2]. A variable step size formulation
of the instanton rate theory allows to distribute sampling points more
evenly along the bounce. Therefore, less sampling points are necessary
which significantly reduces the computational effort [3].

[1] J.B. Rommel, J. Késtner, J. Am. Chem. Soc., 133, 10195, 2011.

[2] J.B. Rommel, T.P.M. Goumans, J. Késtner,

J. Chem. Theory Comput., 7, 690, 2011.

[3] J.B. Rommel, J. Késtner, J. Chem. Phys., 134, 84107, 2011.

MO 18.3 Thu 14:45 V38.02
Fragmentation of the protonated water dimer via non-
adiabatic pathways after valence photoionization — eZHENG
Li!, OrioL VENDRELL!, and RoBiN SanTrAD2 — 1CFEL, DESY,
Notkestr. 85, D-22607 Hamburg, Germany — 2Department of Physics,
University of Hamburg, D-20355 Hamburg, Germany

The protonated water dimer, (H20)-Ht-(H20), irradiated with the
free-electron laser FLASH at DESY (90 V), undergoes Coulomb-
explosion after losing one of its valence electrons via photoioniza-
tion[l]. The diversity of valence orbitals available for ionization
and the large mobility of the central proton lead to increased com-
plexity of its dynamics. The strong two-body dissociation chan-
nel H5O;HH30++HQO++e’prevails, yet fragmentation channels in-
volving Ht and neutral fragments need to be experimentally iden-
tified. Because of the closely-lying outer valence orbitals and var-
ious conical intersections, non-adiabatic effects are presumably im-

Location: V38.02

portant for the overall dynamics. Ab initio potential energy sur-
faces for the three lowest dicationic states have been computed at
the CASSCF(8,11)//Koopmans level. A regularized diabatization
scheme has been used to obtain a diabatic representation of the
Hamiltonian|2]. The quantum dynamics of the photofragmentation
has been investigated using the multi-configuration time-dependent
Hartree (MCTDH) method|3], the results unravel the underlying mech-
anism.

[1] L. Lammich et al., Phys. Rev. Lett. 105, 253003 (2010). [2] H.
Koeppel et al., J. Chem. Phys. 115, 2377 (2001). [3] M. H. Beck et
al., Physics Reports 324, 1 (2000).

MO 18.4 Thu 15:00 V38.02
Ultrafast Dynamics of Photoionized molecules — MoHAMED
EL-AMINE MaDJET!, OrIOoL VENDRELL!, and eRoBIN SanTRAl:2
— ICenter for Free-Electron Laser Science, DESY, Germany —

2Department of Physics, University of Hamburg, Germany

Using a mixed quantum-classical approach, we investigated theoreti-
cally the dynamics of acetylene and ethylene after extreme ultraviolet
(XUV) photoionization. For acetylene cations produced in the AQE;;,
we show that the decay of this state occurs via both ultrafast isomer-
ization and non-radiative electronic relaxation [M.E.M. et al, Phys.
Rev. Lett., in print (2011)]. We find a time-scale for hydrogen mi-
gration and electronic decay of about 60 fs, in good agreement with
recent XUV-pump/XUV-probe time-resolved experiments on the same
system [Y.H. Jiang, et al. Phy. Rev. Lett. 105, 263002(2010)]. More-
over, we predict an efficient vibrational energy redistribution mecha-
nism that quickly transfers excess energy from the isomerization co-
ordinates to slower modes in a few hundred femtoseconds, leading to
a partial regeneration of acetylene-like configurations. Preliminary re-
sults for ethylene cations will also be presented and discussed.

MO 18.5 Thu 15:15 V38.02
Multi reference perturbation theory for non-adiabatic on-the-
fly molecular dynamics: implementation and benchmarking
— oSVEN OESTERLING, ARTUR NENoOV, BENjaMIN P. FINGERHUT,
and REcINA DE VIVIE-RIEDLE — Ludwig Maximilians Universitét
Miinchen, Department Chemie

Semiclassical on-the-fly dynamics provide a way to simulate molecular
processes of moderate sized systems. Treating the nuclei classically,
abolishes the need to precompute potential energy surfaces, and thus
allows for a full dimensional treatment of the molecular degrees of free-
dom. The electronic properties are computed with quantum chemical
methods, adequate for system-size and nature of the problem. Regard-
ing excited states, major challenges are the accurate, yet cost efficient
calculation of the electron correlation, and the precise description of
non-adiabatic events. The complete active space perturbation theory
(CASPT?2) has been shown to resolve the correlation issue, yielding
excitation energies close to experimental values.

We implemented an interface for the CASPT2 method, included in
the Molpro quantum chemistry package, in the Newton-X dynamics
package. As there are no analytical non-adiabatic coupling vectors
available in common quantum chemistry programs, a numerical ap-
proach, suggested by Tao et al., was used to compute the coupling.
The implementation is benchmarked with ethylene, with additional
focus on the relevance of Rydberg-states.

MO 18.6 Thu 15:30 V38.02
Surface hopping from accurate quantum-classical correspon-
dence — eSEBASTIAN MoBIUs!, SEBASTIAN WUSTER!, MILAN
SINDELKA', ALEXANDER EisreLp'?, and JAN MicHEAL Rost! —
IMax Planck Intitute for physics of complex systems, Dresden, Ger-
many — 2Department for Chemistry and Chemical Biology, Harvard
University, Boston, USA

Mixed quantum-classical treatments of molecular dynamics are well
established to study chemical reaction pathways or collision dynamics.
The main idea is to evolve nuclear coordinates on classical trajecto-
ries, governed by Newton’s equation of motion, and the electronic de-
grees of freedom fully quantum mechanical by Schroedinger’s equation.
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In contrast to Ehrenfest methods, Tully presented a multi-trajectory
surface hopping algorithm, which allows for non-adiabatic transitions
between adiabatic eigenstates. This algorithm has been proven suc-
cessful in various cases, studying collision dynamics. While the tra-
ditional derivation of the method arguably gives rise to only part
of the non-adiabatic coupling terms in the Born-Oppenheimer sepa-
rated Schroedinger equation, we present a more sophisticated approach
which can reproduce all couplings. Our crucial argument is that only
hermitian operators ought to be replaced with a classical variable. We
discuss model systems where the newly introduced terms are required
in order to match the full quantum calculations. Our extensions of
Tully’s algorithm opens up new possibilities of application, like spin-
orbit coupled systems, atomic Rydberg systems and multidimensional
surface intersections (e.g conical intersections).

MO 18.7 Thu 15:45 V38.02
Semiclassical Wigner propagation as a numerical tool
in molecular dynamics — eSErGEl D. Ivanov!?, THoOMAS
DirrricH?, and DoMmINIK Marx! — lLehrstuhl fiir Theoretische
Chemie, Ruhr-Universitit Bochum, Bochum, Germany — 2Present

address: Quantum Dynamics Group, Institut fiir Physik, Universitat

Rostock, Rostock, Germany — 3Departamento de Fisica, Universidad
Nacional de Colombia, Bogota D.C., Colombia

The Wigner function constitutes a one-to-one representation of the
quantum mechanical density operator, including coherences. The
state-of-the-art methods based on LSC-IVR readily reproduce static
quantum effects already present in the initial state, whereas truly dy-
namical quantum effects that arise during the time evolution in the
presence of nonlinear potentials remain outside reach. Major progress
could be achieved through the insight that even quantum coherences
can be time-evolved faithfully if the propagation is not based on single
but on pairs of classical trajectories [1|. Here, we attempt to make an
important step ahead towards employing semiclassical Wigner propa-
gation in the molecular dynamics framework; that is to recast the suc-
cessful grid-based formulation in [2,3] well-suited for low-dimensional
problems, into a grid-free representation where all relevant dynamical
quantities are evaluated directly as averages over trajectory ensembles.

[1] P. P. de M. Rios and A. M. Ozorio de Almeida., J. Phys. A:
Math. Gen., 35:2609, 2002. [2] T. Dittrich and L. A. Pachoén., Phys.
Rev. Lett., 102:150401, 2009. [3] T. Dittrich, E. Gémez, and L. A.
Pachon., J. Chem. Phys., 132:214102, 2010

MO 19: Cold Molecules Il

Time: Thursday 14:00-16:00

Group Report MO 19.1 Thu 14:00 V38.03
Sisyphus Cooling of Polyatomic Molecules — eMARTIN ZEP-
PENFELD, BARBARA G.U. ENGLERT, Rosa GLOCKNER, MANUEL
MIELENZ, CHRISTIAN SOMMER, LAURENS vAN BUUREN, MICHAEL
MoTscH, and GERHARD REMPE — Max-Planck-Institut fiir Quan-
tenoptik, Hans-Kopfermann-Str. 1, 85748 Garching, Germany

Interest in ultracold polar molecules has experienced tremendous
growth in recent years, with potential applications reaching beyond
those of ultracold atoms due to additional internal degrees of free-
dom and long-range dipole-dipole interactions. Developing methods
to prepare the required ensembles of ultracold molecules has been a
formidable challenge. To this end, we have now achieved first results
with opto-electrical cooling [1], a general Sisyphus-type cooling scheme
for polar molecules. Molecules are cooled by more than a factor of 4
with an increase in phase space density by a factor of 7. This achieve-
ment is based on the combination of two developments. First, a com-
pletely new type of electric trap allows molecules to be confined in
predominantly homogeneous fields for 10s of seconds [2]. Second, the
combination of mm-wave radiation with a narrow-band mid-infrared
laser allows optical pumping among a closed set of rotational and vibra-
tional molecular states. Improvements will allow cooling of molecules
to Mikrokelvin temperatures in the near future, opening a route to
experiments with molecular quantum-degenerate gases.

[1] M.Zeppenfeld et al., Phys. Rev. A 31, 365 (2004)

[2] B.G.U. Englert et al., Phys. Rev. Lett., in press(arXiv:1107.2821)

MO 19.2 Thu 14:30 V38.03
A Centrifuge Molecular Decelerator for Polar Molecules —
eSoTIR CHERVENKOV, XING WU, ANDREAS ROHLFES, JosEPH BAy-
ERL, LAURENS D. vAN BUUREN, CHRISTIAN SOMMER, MARTIN ZEP-
PENFELD, and GERHARD REMPE — Max-Planck-Institut fiir Quan-
tenoptik, Hans-Kopfermann-Strafte 1, 85748 Garching bei Miinchen

We present a novel technique for deceleration of neutral polar
molecules, which employs the centrifugal potential in a rotating frame.
The idea is to inject and electrically guide [1] a dense continuous beam
of polar molecules from the periphery to the center of the rotating
frame along a spiral trajectory. Thus the molecules climb up a cen-
trifugal potential hill and get decelerated as they propagate. Since the
rotational speed is tunable, the centrifuge decelerator is well-suited for
a large range of input velocities. Moreover, in combination with our
cryogenic source [2], internally cold molecules will be decelerated. For
this setup, simulations show that ammonia beams with velocities below
20m/s and with fluxes of 109 molecules/s are feasible. The outcoming
quasi-continuous, slow, and dense molecular beams are ideal for var-
ious applications requiring cold molecules, in particular, for trapping
and subsequent opto-electrical cooling [3].
[1] S.A. Rangwala et al., Phys. Rev. A 67, 043406 (2003)
[2] L.D. van Buuren et al., Phys. Rev. Lett. 102, 033001 (2009)

C. Sommer et al., Faraday Discuss. 142, 203 (2009)

Location: V38.03

[3] M. Zeppenfeld et al., Phys. Rev. A 80, 041401 (2009),

MO 19.3 Thu 14:45 V38.03
Guided continuous supersonic beams of polar molecules from
a cryogenic buffer-gas source — ¢XiNG Wu, CHRISTIAN SOMMER,
SoTiR CHERVENKOV, ANDREAS ROHLFES, MARTIN ZEPPENFELD, LAU-
RENS VAN BUUREN, and GERHARD REMPE — Max-Planck-Institut fiir
Quantenoptik, Hans-Kopfermann-Str. 1, D-85748 Garching, Germany

In order to obtain dense samples of internally and translationally cold
polar molecules, we use the method of buffer-gas cooling [1], com-
bined with supersonic expansion. We have demonstrated that when
the cryogenic buffer-gas cell is operated in a supersonic regime, molec-
ular fluxes are hydrodynamically enhanced by up to two orders of
magnitude. Meanwhile, the translational velocity profile of the output
molecular beam is cooled to beyond Mach number 6 via supersonic ex-
pansion. Due to the cryogenic cell temperature, the forward velocity of
the supersonic molecular beam is below 190 m/s. The low-field-seeking
molecules in the so-produced continuous supersonic beam are selected
via quadrupole electric guiding and transfered to further experiments.
Such high-flux guided continuous supersonic beams from a cryogenic
reservoir provide a promising source of polar molecules amenable to
deceleration and further cooling.

[1] C. Sommer et al., Faraday Discussions 142, 203 (2009)

L.D. van Buuren et al., Phys. Rev. Lett. 102, 033001 (2009)

MO 19.4 Thu 15:00 V38.03
A microwave decelerator for polar molecules — eSiMoN MERzZ!,
NicoLas VANHAECKE!, WoLrFGANG JAGER?, MELANIE SCHNELL?,
and GERARD MEenER! — !Fritz-Haber-Institut der Max-Planck-
Gesellschaft, D-14195 Berlin — 2University of Alberta, Edmonton,

Canada — 3Center for Free Electron Laser Science, D-22607 Hamburg

An important remaining issue in the field of cold molecules is a general
technique to manipulate the motion of polar molecules in high-field-
seeking states, which is crucial for the investigation of molecules in
their ground states and of all large and more complex molecules. In
contrast to the already demonstrated and experimentally rather chal-
lenging alternating gradient methods, we exploit the interaction of
polar molecules with electromagnetic radiation in a microwave cavity.
Based on the concept of our microwave lens [1] we have developed a
decelerator for polar molecules, that allows motion control in 3D. We
will present a detailed characterisation of the microwave decelerator,
e.g. its phase-space acceptance, and discuss prospects for future ex-
periments.

[1] H. Odashima et al. Microwave Lens for Polar Molecules. Phys.
Rev. Lett., 104:253001, 2010

MO 19.5 Thu 15:15 V38.03

A traveling-wave Zeeman decelerator — eDoNGDONG ZHANG!,

JEaN-PauL Cromizres2, HENrik Haak!, GeErarRD MEUER!, and
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NicorLas VANHAECKE! — !Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany — ?Laboratoire
Aimé Cotton, CNRS, Université Paris-Sud, 91405 Orsay, France

A prominent, versatile method to produce cold molecules relies on the
supersonic expansion of a seeded molecular gas, followed by a decelera-
tion of the molecules of the so-formed beam. While Stark deceleration
allows one to manipulate the longitudinal motion of polar molecules
of a supersonic beam with time-dependent, inhomogeneous electric
fields, Zeeman deceleration uses time-dependent, inhomogeneous mag-
netic fields to control the motion of paramagnetic molecules [1]. Here
we report on an approach to the magnetic deceleration of supersonic
beams, based on the generation of a propagating wave of magnetic
field [2]. The fields provide real-time tri-dimensional confinement of
the particles in low-field-seeking states, in analogy with the traveling-
wave Stark decelerator [3]. Our Zeeman decelerator avoids losses of
molecules even at low forward velocities, prevents non-adiabatic tran-
sitions, and ideally matches a static magnetic trap.

[1] N. Vanhaecke, U. Meier, M. Andrist, B. H. Meier, and F. Merkt,
Phys. Rev. A 75, 031402(R) (2007).

[2] A. Trimeche, M. N. Bera, J.-P. Cromiéres, J. Robert, and N.
Vanhaecke, Eur. Phys. J. D, 65, 263 (2011).

[3] A. Osterwalder, S. A. Meek, G. Hammer, H. Haak, and G. Meijer,
Phys. Rev. A 81, 051401(R) (2010)

MO 19.6 Thu 15:30 V38.03
Multistage Zeeman deceleration of paramagnetic atoms and
molecules — eMicHAEL MoTscH, ALEX W. WIEDERKEHR, STEPHEN
D. HocaN, and FrEDERIC MERKT — Laboratorium fiir Physikalische
Chemie, ETH Ziirich, CH-8093, Switzerland

In a multistage Zeeman decelerator, time-dependent, inhomogeneous

magnetic fields are applied to control the velocity of supersonic beams
of paramagnetic atoms and molecules. Using an array of 91 de-

celeration solenoids, we have produced velocity-controlled beams of
metastable neon atoms at translational temperatures as low as 10 mK
in the comoving frame of reference and characterized the phase-space
acceptance of the multistage Zeeman decelerator. By applying de-
celeration pulse sequences for different isotopes of neon, we have in-
vestigated the selectivity of the deceleration process on the magnetic-
moment-to-mass ratio of the particles in the beam [1]. The versatility
of the method is demonstrated by producing slow beams of oxygen
molecules in the ngg electronic ground state, which enables the
study of internal-state selectivity in the deceleration process.

[1] A. W. Wiederkehr et al., J. Chem. Phys. 135, 214202 (2011).

MO 19.7 Thu 15:45 V38.03
A Stern-Gerlach Slower — eULricH KROHN, ARIN MIZOURI,
KaTrHERINE HORNE, JAMES ALMOND, and Davip CARTY — Durham
University, Physics Department, Durham DH1 3LE

We study a modified design of a magnetic conveyor decelerator [1]
that should enable us to slow down a very large number of molecules
of various species. The project aims to create polar molecules with
sufficient density and low enough temperature that they can form in-
teracting quantum arrays. As an instrument this be used as a quantum
simulator - an ideal, tuneable and highly versatile tool for modelling
strongly-interacting quantum systems and understanding the remark-
able quantum phenomena they exhibit.

The presented Stern-Gerlach slower will be the first step to slow
molecules from their initial velocities to almost standstill in order to
load it into a magnetic trap and sympathetically cool them to even
lower temperatures using a cloud of ultracold atoms.

References

[1] A Trimeche, et al., European Physical Journal D. 65, 263 (2011)
[2] E Lavert-Ofir, et al., Phys. Chem. Chem. Phys. 13, 18948 (2011)
[3] E A Hinds, I G Hughes, J. Phys. D: Appl. Phys. 32, R119 (1999)

MO 20: Atomic clusters (with A)

Time: Thursday 14:00-16:00

Invited Talk MO 20.1 Thu 14:00 V57.05
X-ray magnetic circular dichroism spectroscopy of size-
selected free cluster ions: spin coupling, orbital angular mo-
mentum quenching, and magnetic dopants — eToBiAs Lau —
Helmholtz-Zentrum Berlin fiir Materialien und Energie GmbH, Institut
fiir Methoden und Instrumentierung der Forschung mit Synchrotron-
strahlung, Albert-Einstein-Strafle 15, 12489 Berlin

X-ray magnetic circular dichroism (XMCD) spectroscopy is a local and
element specific probe to study spin and orbit contributions to the to-
tal magnetic moment. With a 5 T and 15 K linear ion trap setup we
have sucessfully applied XMCD of size selected cluster ions to study
fundamental magnetic properties of transition metals in the molecular
limit. Recent results include the observation of ferromagnetic spin cou-
pling in small clusters of archetypical bulk antiferromagnets, as well as
antiferromagnetic spin coupling in iron, the most typical 3d bulk fer-
romagnet. We could also show that the orbital angular momentum is
largely quenched already for the smallest iron clusters. Furthermore,
magnetization curves recorded at fixed ion trap temperature can be
used to determine the cluster ion temperature. As an outlook, first re-
sults of XMCD spectroscopy of single impurity atoms in size selected
clusters ions will be presented.

Invited Talk MO 20.2 Thu 14:30 V57.05
Autoionization of clusters: Energy transfer vs. electron
transfer — eUwE HERGENHAHN — Max-Planck-Institut fiir Plasma-
physik, EURATOM Association, 85748 Garching

In this talk I will give a progress report about our experimental work
on autoionization of clusters. The discovery of autoionizing decays into
charge separated two-hole sites in clusters (Interatomic/Intermolecular
Coulombic Decay, ICD) has been followed by experiments, in which
such decays are mediated by charge transfer between sites (Electron
Transfer Mediated Decay, ETMD). For ICD, which proceeds by energy
transfer, evidence for the occurence of this process as a second step in
a cascade after normal Auger decay of water clusters will be presented.
For ETMD, the interpretation of outer valence and electron,electron
coincidence spectra allows to get a comprehensive picture of this au-

Location: V57.05

toionization channel in ArXe clusters of varying size.

MO 20.3 Thu 15:00 V57.05
First-order corrections and structural information in semi-
classical Gaussian approximations to the Boltzmann operator
for clusters of atoms — eHoLcER Carrarius! and Er1 PoLLak?
— 1. Institut fiir Theoretische Physik, Universitit Stuttgart, 70550
Stuttgart, Germany — 2Chemical Physics Department, Weizmann In-
stitute of Science, 76100 Rehovot, Israel

Gaussian approximations to the Boltzmann operator have proven
themselves in recent years as useful tools for the study of the thermo-
dynamic properties of rare gas clusters. They are, however, not nec-
essarily correct at very low temperatures. We introduce a numerically
cheap frozen Gaussian approximation to the imaginary time propaga-
tor with a width matrix especially suited for the dynamics of clusters
[1] and investigate its first-order correction to diagnose the quality of
the approximation [2]. The strength of the correction to the Gaussian
partition function monitored as a function of the temperature indi-
cates that the results of the Gaussian propagator become questionable
below a certain temperature, however, thermodynamic henomena such
as structural transformations occur in a temperature range for which
the Gaussian approximation is predicted to be accurate.

To study transformations or dissociation effects of rare gas clusters
for increasing temperature information about the structure is essen-
tial. We show how structural information can be extracted from the
Gaussian imaginary time propagator.

[1] H. Cartarius, E. Pollak, J. Chem. Phys. 134, 044107 (2011)
[2] H. Cartarius, E. Pollak, Chem. Phys., in press (2011)

MO 20.4 Thu 15:15 V57.05

Core-level photoelectron spectroscopy on free mass-selected
Gold clusters at the free-electron laser FLASH — ePATRICE
OEkLssNER!, JENs Baun!, MicHAEL KOTHER!, CHRISTIAN BRAUNZ,
VoLKMAR SENZ!, STEFFEN PALUTKE®, MICHAEL MARTINS?, GERD
GANTEFOR2, BERND VON IssENDORFF?, JoSEF TIGGESBAUMKER!, and
KarL-HEINZ MEIWEs-BrROER! — IfPh, Uni-Rostock — 2FB Physik,

Uni-Konstanz — 3IfExp. Physik, Uni Hamburg — *Fak. f. Physik,
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Uni Freiburg

A promising method to investigate the electronic structure of clusters
is core-level photoelectron spectroscopy as used extensively in surface
science [Phys. Rev. Lett. 102, 138303 (2009)]. The VUV free elec-
tron laser FLASH at DESY delivers intense light with a wavelength
down to 4.8 nm (258 €V) to allow such studies. With a hemispherical
analyzer equipped with a Delay-Line-Detector we studied core-level-
binding energies. Results on mass-selected gold clusters anions from
45 to 150 atoms show a size-dependent 4f core-level shift as predicted
by the metal sphere model [Phys. Rev. B 50,5744 (1994)]. By mea-
suring the gold 4f binding energies of anions and cations as a function
of cluster-size one can calculate, e.g. the chemical potential.

MO 20.5 Thu 15:30 V57.05
Core level photoelectron spectroscopy on free mass-selected
lead clusters at FLASH — eJens Baun!, PATRICE OELSSNER!,
MicHaEL K&THER!, CHRISTIAN BRAUN®?, VOLKMAR SENZZ, STEFFEN
PaLuTKE?, BERND VON IssENDORFF®, GERD GANTEFOR®, MICHAEL
Marrins?, JoseF TiGGESBAUMKER!, and KARL-HEINZ MEIWES-
Broer! — lInstitut fiir Physik, Universitét Rostock — 2Institut fiir
Biomedizinische Technik, Universitiat Rostock — 3Fachbereich Physik,
Universitit Konstanz — 4Institut fiir Experimentalphysik, Universitit

Hamburg — 5Fakultét fiir Physik, Universitét Freiburg

The electronic structure forms the basis for understanding the physical
and chemical properties of clusters. A promising method to study this
issue is core-level photoelectron spectroscopy using the VUV free elec-
tron laser FLASH at DESY providing wavelengths down to 4.8 nm.
Results on lead clusters feature size-dependent 5d and 4f core-level
shifts and reveal a remarkable change of final state screening condi-
tions due to a metal to nonmetal transition at cluster sizes about 20
atoms [Phys. Rev. Lett. 102, 138303 (2009)]. In recent experiments a
hemispherical electron spectrometer has been utilized. It became pos-

sible to allocate electron signals to each micro pulse of FLASH with
a time-resolved delay-line-detector. A sequence of cluster sizes can be
probed by this approach. By study of 4f core-level of lead clusters the
change of the gaussian line shape to a Doniach-Sunjic profile has been
observed as function of size. The evolution of the line profiles can be
understood as scattering processes in finite systems.

MO 20.6 Thu 15:45 V57.05
Spin Coupling and Orbital Momentum Quenching in
Small Iron and Cobalt Clusters — ®ANDREAS LANGENBERG!'Z,
KonstaNTIN Hirscu!2, VicEnTE Zamupio-Baverb2, MaRkus
NieMEYER!2, ArRkaADIUSZ Lawicki?, MARLENE VocEL2, KAZUHIRO
Ecasuira®, THoMAs MOLLER?, AKIRA TERASAKI®, BERND VON
IsseNnDORFF?, and ToBias Laul — !Helmholtz-Zentrum Berlin fiir
Materialien und Energie, Albert Einstein Str. 15, 12489 Berlin —
2Technische Universitat Berlin, Hardenbergstraffie 36, 10623 Berlin
— 3Cluster Research Laboratory, Toyota Technological Institute,
Ichikawa 272-0001, Japan — 4Universitit Freiburg, Fakultit fiir

Physik, 79104 Freiburg, Germany

X-ray magnetic circular dichroism (XMCD) spectroscopy was per-
formed on free and size selected iron and cobalt clusters in a linear
penning trap giving direct access to spin and orbital resolved mag-
netic moments (ms, m;). For iron clusters a quenching of the orbital
magnetic moments for already very small clustersizes and an antiferro-
magnetic coupling of F’ el+3 [1] can be observed. Moreover the measured
total magnetic moments of the clusters (m; = m; + ms) are in good
agreement with results from Stern-Gerlach experiments [2,3]. High res-
olution XMCD spectra as well as magnetization curves of cobalt and
iron clusters will be discussed in detail.

[1] P. Bobadova-Parvanova, K. A. Jackson et.al., Phys. Rev. B 66,
195402 (2002)

[2] X. Xu, S. Yin et.al., Phys. Rev. Lett. 95, 237209 (2005)

[3] M. Knickelbein, Chem. Phys. Lett. 353, 221-225 (2002)

MO 21: Poster 3: Cluster, Collisions, Energy Transfer, Photochemistry, Spectroscopy in
He-Droplets

Time: Thursday 16:30-19:00

MO 21.1 Thu 16:30 Poster.IV

Isomer-Selective IR/IR Double Resonance Spectroscopy:
Isolating the Spectral Signatures of H+'(H20)g Isomers —
eNapja HeINe!, GieL BrerpEN?, GERARD MELER!, and KnuT
Asmis! — 1Fritz-Haber-Institut, 14195 Berlin, Germany — 2FOM

Institute, 3439 Nieuwegein, The Netherlands

Understanding how protons are hydrated remains an important and
challenging research area. The anomalously high proton mobility of
water can be explained by a periodic isomerization between the Eigen
and Zundel binding motifs, H3OT (aq) and H507 (aq), respectively,
even though the detailed mechanism is considerably more complex.
These rapidly interconverting structures from the condensed phase
can be stabilized, isolated and studied in the gas phase in the form
of protonated water clusters. The smallest protonated water clusters
that exhibits structural isomers related to the Eigen and Zundel motifs
experimentally is the protonated water hexamer Ht-(Hz O)Z;.

Here, we present first results on infrared/infrared (IR/IR) double
resonance experiments on H+‘(H20)é‘r. Protonated water clusters are
formed by electrospray ionization, mass-selected, cooled to cryogenic
temperatures, and messenger-tagged (H2) in a buffer gas filled ion
trap. Isomer-selective IR/IR photodissociation spectra are measured
from 300-4000 cm~! by combining population-labeling double reso-
nance spectroscopy with the widely tunable IR radiation of the free
electron laser FELIX. The results demonstrate that two isomers, an
Eigen and a Zundel-type isomer, are indeed present and that their IR
spectra can be measured individually over the complete spectral range.

MO 21.2 Thu 16:30 Poster.IV
Structural Variability in Transition Metal Oxide Clusters:
Gas Phase Vibrational Spectroscopy of VSOg;8 — oCLAUDIA
BriegeR!, TorsTEN WENDE!, JENS DOBLER?, ANDRZEJ NIEDZIELAZ,
JoacuiMm SAUER?, GERARD MELER!, and KnuT R. Asmis! — Fritz-

Haber Institut der MPG, Berlin — 2Humboldt Universitit Berlin

Vanadium oxides exhibit a high structural variability and redox ac-
tivity which comes to play into heterogeneous catalysis. Interestingly,

Location: Poster.IV

the structure of the active sites in vanadium oxide catalysts is often
not well known. Infrared photodissociation (IRPD) spectroscopy can
be used to obtain structural information on isolated clusters in the gas
phase. Here, we study the structures of tri-nuclear vanadium oxide
cations. IRPD spectra of V3OérHel_4, VSO;rArO_17 and \/3O§FArO_2
from 350 to 1200 cm—! are presented. VSO}" and V3O§ have a cage-
like structure whereas a chain isomer is found to be most stable for
vgog‘ The binding of the rare gas atoms to Vsoéts clusters is found
to be strong, up to 58 kJ/mol for Ar, and markedly isomer-dependent,
resulting in two interesting effects. First, for VSO;'Ar1 and \/'302'Ar1
an energetic reordering of the isomers compared to the bare ion is ob-
served, making the ring-motif the most stable one. Second, different
isomers bind different number of rare gas atoms. We demonstrate,
how both effects can be exploited to isolate and assign the contribu-
tions from multiple isomers to the IR spectrum. The present results
exemplify the sensitivity of the structure of vanadium oxide clusters
on small perturbations in their environment.

MO 21.3 Thu 16:30 Poster.IV
Experimental setup for stereoselective and enantioselective
cluster catalysis — oeKATHRIN LANGE, BRADLEY VISSER, MAR-
TIN TscHURL, ULRICH BogsL, and ULricH HE1z — Lichtenbergstr.4,
85748 Garching

This work describes the design and construction of a vacuum system
to produce, characterise and perform reactions with chiral gas phase
metal clusters. It is believed that any produced population of chiral
metal clusters will be a racemic mixture of both enantiomers. Thus
a method to enable the identification of enantiomers must be imple-
mented. In the current experiment this will be attempted through
the introduction of a gas phase enantiopure chiral molecule into the
cluster source from a second pulsed nozzle. The added molecule will
bind to the metal cluster enantiomers with varying degrees of strength
and thus may be probed by either vibrational (REMPI) or dissociation
spectroscopy.
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MO 21.4 Thu 16:30 Poster.IV
Thermalization of cluster ions in a radio frequency ion trap
— RaPHAEL PrAG, e ApAM PIECHACZEK, and BERND V. ISSENDORFF
— Fakultét fiir Mathematik und Physik, Universitat Freiburg, Stefan-
Meier Str.19, 79104 Freiburg

Calorimetric studies of free, size-selected cluster ions are performed
in our group. Charged clusters are temperature controlled, trans-
ferred into high vacuum, mass-selected, and photo-fragmented by a
laser pulse. The recorded fragment mass spectra are sensitive to the
inner energy of the thermalized clusters, which allows us to link tem-
perature and energy and thus deduce caloric curves. In the past a
temperature controlled flow tube was used for the thermalization of
the clusters. After replacing it with an radio frequency ion trap, it was
important to make sure that the ions are fully thermalized in the trap.
The thermalization time of water cluster ions in the radio-frequency
ion-trap is examined by trapping the ions for different defined inter-
vals before they are photo-fragmented and the fragments are analyzed.
This was carried out for two different temperatures of the heat bath
and the experimental results are compared to a simulation.

MO 21.5 Thu 16:30 Poster.IV
Structure of Small Terbium Clusters from Far-IR Vibra-

tional Spectroscopy — eJouN Bowran!, DanieL HarpiNG!,

ALEx Woopnam!, JEroEN JaLink?, ANDREI KIRILYUK?, ANDRE
FieLicke!, and GERARD MEIER! — lFritz-Haber-Institut der Max
Planck Gesellschaft, Berlin, Germany — 2Radboud University of Ni-

jmegen, Nijmegen, The Netherlands

Understanding the remarkable magnetism of lanthanide clusters re-
quires knowledge of their geometric structures [1|. Far-IR vibrational
spectroscopy using a free electron laser is now a well developed method
for structural characterization of transition metal and semiconductor
clusters. However, obtaining structural assignments from IR spectra
requires effective theoretical methods for finding candidate structures
and accurately calculating their spectra to compare with experiment.
Clusters of lanthanide metals are widely regarded as a major challenge
for theory because of their open, highly localized atomic 4f shells.
We present the vibrational spectra of cationic terbium clusters, and
demonstrate that the Far-IR spectra can be accurately calculated us-
ing DFT with a 4f-in-core pseudopotential.
[1] Bowlan et. al. J. Appl. Phys. 107 09B509 (2010)

MO 21.6 Thu 16:30 Poster.IV
Measuring the electronic and optical properties of metal
cluster-diamondoid hybrid systems: preliminary considera-
tions and planning — eTorRBJORN RANDER!, ROBERT RICHTER!,
ANDRE KNECHT!, THOMAS MOLLER!, and ToBias Lau? — lInstitut
fir Optik und Atomare Physik, Technische Universitat Berlin, Hard-
enbergstrafie 36, D-10623 Berlin, Germany — 2Institut fiir Metho-
den und Instrumentierung der Forschung mit Synchrotronstrahlung,
Helmholtz-Zentrum Berlin fiir Materialien und Energie GmbH, G-I12,
Albert-Einstein-Strafse 15, 12489 Berlin, Germany

Here, we present the results of a pre-study and the conceptual design
of an experiment to perform photoabsorption and photoluminescence
measurements on size selected metal cluster-diamonoid complexs.

Such systems are of major interest in a wide range of areas, for
example nano-electronics (band gap tuning, negative electron affinity
materials). The planned experimental set-up will allow for in-house
measurements with an OPO UV laser system as well as for measure-
ments with other sources of excitation (e.g. synchrotron radiation from
a storage ring or a FEL).

MO 21.7 Thu 16:30 Poster.IV
Vibrational spectroscopy of isolated Single Molecule Mag-
nets (SMM) of Dy and Mn/Ni — eFaBiaAN MENGEs!, YEVGENTY
Nosenko!, CurisTorH Rienn!, PETER RoEskY2?, and GEREON
NIEDNER-SCHATTEBURG! — ! Fachbereich Chemie und Forschungszen-
trum Optimas, TU Kaiserslautern, 67663 Kaiserslautern, Germany —
2Institut fiir Anorganische Chemie, Karlsruher Institut fiir Technologie
(KIT), 76131 Karlsruhe, Germany

A combination of mass spectrometric and spectroscopic techniques
was applied to determine the structure of newly synthesized Sin-
gle Molecule Magnets (SMM) containing transition metals and lan-
thanides. This methodology gives insight into the binding motifs lead-
ing to cooperative effects between the metal ions. We present here
work in progress of IR-MPD spectroscopy, H/D exchange reactions,
energy-resolved collision induced dissociation and theoretical studies

(DFT) on DyMn2 and DyNi2 containing metal-organic clusters.

The grouping of high spin state transition metals (3d ions) with
high magnetic anisotropic lanthanides (4f ions) could lead to single
molecule magnetic behavior. However, the overall symmetry imposed
by the molecular binding motifs can in fact play a key role in gov-
erning this behavior. The cooperativity of the metal centers depends
on their spatial arrangement, i.e. the structure of the metal-organic
cluster. Results for structural determination in the solid phase and the
gas phase will be compared.

MO 21.8 Thu 16:30 Poster.IV

Fragmentation von massenselektierten Heliumclustern in
starken Laserfeldern — ¢JORG VOIGTSBERGER', JASPER BECHT!,
NabpINE NEUMANN!, Maksim Kunitskit, Hone-Keun Kimt, MAR-
kus WAarTz!, FLoriaN TRINTER!, Rut A. CosTta-FracAl, STEFAN
ZeLLER!, ANTON KaLiNIND, JiaN Wul, Acuim Czascu!, OTT™MAR
Jacurzki!, LoTHAR PH. ScuMIDT!, WIELAND ScCHOLLKOPF?, BuMm
S. Zuao?, TiLL JAuNKE! und REINHARD DORNER! — llInstitut fiir
Kernphysik, Goethe Universitit, Frankfurt a. M., Germany — 2Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany

Mit Hilfe eines Nano-Gitters konnte in einem gekiihlten Helium-Gasjet
aufgrund der Materiewellebeugung eine Trennung der verschiedenen
Clustergrofien erreicht werden. Der hieraus resultierende, reine Di-
mer bzw. Trimer Jet wurde mit einem Femtosekunden-Laser ioni-
siert und mit der ColTRIMS-Technologie impulsspektroskopisch un-
tersucht. Diese Methode bietet erstmals die Mdoglichkeit einzelne Di-
mere bzw. Trimere auf ihre Struktur und Gréfle zu untersuchen und
Diskrepanzen in Theorie und Experiment zu kléren.

MO 21.9 Thu 16:30 Poster.IV
Photoluminesce of Diamondoids with sp2-Impurities —
eRoBERT RicHTER!, TORBIORN RANDER!, TOBIAS ZIMMERMANN!,
ANDRE KNECHT!, CHRIsTOPH HEIDRICH!, ANDREA MERLI!, PHILLIP
REeiss?, ARNO EHRESMANNZ, and THomAs MOLLER! — !Technische
Universitat Berlin, Institut fiir Optik und Atomare Physik, Eugene-
Wigner-Building, Hardenbergstrasse 36, D-10623 Berlin — 2Institut
fir Physik Universitdt Kassel, Heinrich-Plett-Strafse 40, D-34109 Kas-
sel

Nanodiamonds, so called diamondoids are carbon clusters with perfect
bulk diamond structure and complete hydrogen passivation. In previ-
ous studies we could show that certain diamondoids luminesce in the
deep UV. Only recently a new class of diamondoids have been synthe-
sized where one or more C-C-bonds exhibit sp?-hybridization. These
deviations from the diamond structure can be seen as sp2-impurities
which alter the overall electronic structure of the diamondiod. Ab-
sorption, photoluminescence and excitation spectra show that tuning
of the optical properties by deliberate introduction of these impurities
is possible.

MO 21.10 Thu 16:30 Poster.IV
Supersonic beams of neutral and ionic CO3 clusters — eBo-
Gaun CHEN, Mona Kositzki, KLaus RADEMANN, and WOLFGANG
CHRISTEN — Humboldt-Universitdat zu Berlin, Institut fiir Chemie,
Brook-Taylor-Str. 2, 12489 Berlin

The formation and growth of clusters in the gas phase is of fundamen-
tal relevance. Recent progress in experimental techniques!~3 and the
advanced thermodynamic analysis of velocity distributions of super-
sonic jets®® permit an improved comprehension of these condensation
processes.

We present a comprehensive investigation of COs cluster beams
from sub- to supercritical source densities, covering cluster sizes from
3102 to 3 x 10° molecules per particle. In particular we report on the
change (both increase and decrease) of the flow velocity with source
density, the effect of source temperature on translational cooling, and
compare the results for neutral and charged clusters.

IW. Christen, T. Krause, K. Rademann, Rev. Sci.
073106, 2007.

2W. Christen, T. Krause, B. Kobin, K. Rademann, J. Phys. Chem. A
115, 6997, 2011.

3K. Luria, W. Christen, U. Even, J. Phys. Chem. A 115, 7362, 2011.
4W. Christen, K. Rademann, Phys. Scr. 80, 048127, 2009.

5W. Christen, K. Rademann, U. Even, J. Phys. Chem. A 114, 11189,
2010.

Instrum. T8,

MO 21.11 Thu 16:30 Poster.IV

Advances in imaging of ion molecule reactions — Rico
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OTTO eEDpUARDO CARRAscosal, MARTIN STEI!, JONATHAN

Brox®, JOHANNES VON VANGEROW!, FABIAN HOCHHEIMER!, ADITYA
KELKAR!, SEBasTIAN TRIPPEL?, THORSTEN BEsT!, and RoLAND
WEesTER! — !Institut f. Ionenphysik u. Angewandte Physik, Univer-
sitdt Innsbruck — 2now at: Department of Chemistry, University of
California, San Diego — 3Physikalisches Institut, Universitit Freiburg
— 4now at: CFEL, DESY, Hamburg

In our group we have developed a crossed beam velocity map imaging
apparatus to study ion molecule reactions. Here we report our stud-
ies on the influence of microsolvation in the reaction OH™-(H20), +
CH3lI . Implementation of a multipole radio frequency ion trap allows
us to prepare different anion water clusters in well defined initial states.
Varying the collision energies between 0.5 - 2 €V reveals several reac-
tion channels and a comparison with theoretical calculations leads to
the conclusion that geometric effects play an important role in these re-
actions. We will also present the parametric characterization of spatial
imaging (SMI) technique using laser and ion beams. A spatial resolu-
tion of less than 5 um as well as 3D- SMI detection have been achieved
and possible applications will be discussed. Finally, we will present
initial plans for scattering of vibrationally excited CH3I molecules and
foi dynamical studies of astrophysically relevant reactions, e.g. CO +
HI .

1,2
b

MO 21.12 Thu 16:30 Poster.IV
Enhanced production of low energy electrons by alpha
particle impact — eHong-Kreun Kiv, JasmIN TiTzE, MARKUS
SCHOFFLER, FLORIAN TRINTER, MARKUS WaIlTz, JORG VOIGTS-
BERGER, HENDRIK SANN, MoriTz MECKEL, CHRISTIAN STUCK,
Ut LENz, MaTTHIAS ODENWELLER, NADINE NEUMANN, SVEN
ScHOsSLER, KLaus ULLMANN-PFLEGER, BIrTE ULRIcH, Rur Costa
Fraga, Nikos PeTrIDIS, DANIEL METZ, ANNIKA JUNG, ROBERT
GRISENTI, AcHiM CzascH, OTTMAR JAGUTZKI, LOTHAR SCHMIDT,
TiLL JauNkE, HorsT ScuMmIDT-BOCKING, and REINHARD DORNER
— Goethe-Universitat Frankfurt, Institut fiir Kernphysik, Frankfurt,
Germany

Fragmentation processes after double ionization of Nez by (650
keV)Het impact were studied. We report on the observation of In-
teratomic Coulombic Decay in ion-dimer collisions and show differ-
ences in the electron energy distribution of molecular and atomic Ne.
A significant increase in the production of low energy (0-2 eV) elec-
trons was detected. The experiment was performed at the 2.5 MeV
Van-de-Graaff accelerator in the Institut fiir Kernphysik of the Goethe
Universitdt in Frankfurt. The ionic fragments of the ionized neon
dimers and atoms and at least one electron were measured in coinci-
dence with the signal of the pulsed projectile beam in a COLTRIMS
reaction microscope. Here the charged particles are guided onto delay
line detectors by electrical and magnetic fields. Measuring the times
of flight and the positions on the detectors allows the reconstruction
of the 3-dimensional momentum vector of all measured particles.

MO 21.13 Thu 16:30 Poster.IV
The impact of pump-probe geometries on excitation dynam-
ics in high absorbing materials — eSERGEJ BOCK, SEBASTIAN
Eicke, VOLKER DIECKMANN, KRISTIN SPRINGFELD, and Mirco Im-
LAU — Department of Physics, University of Osnabriick, Germany

Photoswitchable ruthenium sulfoxides like [Ru(bpy)2(OSO)]* (OSO:
2-methylsulfinylbenzoate) offer a light-induced linkage isomerization
located at the SO-ligand resulting in a tremendous photochromism.
Studies regarding the photochromism and the kinetics of the genera-
tion and relaxation of the light-induced metastable isomers draw out
an impact of the pump-probe geometry on the excitation dynamics,
that arise from the pronounced pump-beam absorption.

This contribution focuses on the geometry impacts and we present a
model that can describe the affected excitation dynamics. The model
will be confirmed by geometry dependent measurements of excitation
dynamics on the basis of the mentioned photoswitchable ruthenium
sulfoxide by pump-probe technique. The simultaneous signal detec-
tion via Si PIN diodes and via a CCD line allow for measuring the
dynamics parallel and perpendicularly to the direction of pump beam
propagation as well as spatially resolved. This measurements offer a
deep insight in the impact of the pump-probe geometries on the excita-
tion dynamics. The contribution show up the reasons for the geometry
impacts, a solution to avoid those impacts as well as the adaptability
of the model to other high absorbing materials.

*Financial support: DFG (INST 190/137-1) and DAAD (50445542).

MO 21.14 Thu 16:30 Poster.IV

Optical switching of an organic photochromic triad: Demon-
stration of an optical gate — eMarrTi PARs!, MICHAEL

GRADMANN!, REGINA ScHMIDT!, CHRISTIANE HorMaNN!, KaTJA

GRAF?, PETER BAUER?, MUKUNDAN THELAKKAT?, and JURGEN
Ko6HLER! — 1Experimental Physics IV, University of Bayreuth, 95440
Bayreuth, Germany — 2Applied Functional Polymers, University of

Bayreuth, 95440 Bayreuth, Germany

We demonstrate the operation of an optical gate by using an organic
triad, that consists of a photochromic unit (dithienylcyclopentene,
DCP) and two highly efficient fluorophores (perylenebisimide, PBI).
The DCP can be reversibly interconverted between two bistable forms
by light, leading to a strong modulation of the fluorescence intensity
of PBI moieties as a function of the state of the DCP. Hence the DCP
unit acts as a gate (triggered by few photons), that controls the flow
of many fluorescence photons from the PBI. We will discuss the per-
formance of the triad (modulation depth of the fluorescence, fatigue
resistance and quantum yield) from the viewpoint of an optical tran-
sistor.

Reference: M. Pars, C.C. Hofmann, K. Willinger, P. Bauer, M. The-
lakkat, J. Kohler, Angew. Chem. Int. Ed. 2011, 50, 11405-11408

MO 21.15 Thu 16:30 Poster.IV
Electronic excitation spectra of the [Ir(ppy)2(bpy)]" photosen-
sitizer bound to small silver clusters Ag, (n=1-20) — OrLca
BoOKAREvA, eSERGEY BokAREV, and OLIVER KUHN — Institut fiir
Physik, Universitdt Rostock, Rostock, Deutschland

Combination of metal nanoparticles with molecular adsorbates like
organic dyes, semiconductors, and J-aggregates is well-known and a
prospective way to design and tune functional properties of new nano-
scaled materials. We present a computational study of the electronic
spectra of [Ir(ppy)2(bpy)]T (IrPS) bound to small silver clusters Agn
(n=1-20). The focus on the particular Ir(III) complex is related to the
developed effective photocatalytic system for water splitting combining
IrPS with a sacrificial reductant and a water reduction iron catalyst
[1].

We have shown that the interaction of IrPS and Agy, leads to weak
physisorption. For the systems with odd number of silver atoms, a "re-
dox" nature of the ground electronic state: IrPS? - - . Agl was found,
causing different directions of charge-transfer (CT) in the lowest elec-
tronic transitions of systems with odd and even number of silver atoms.
The intermolecular long-range CT electronic states between IrPS and
Agn appear in absorption spectra, which might favour further pho-
tochemical and photophysical processes involving low excited states.
However, depending on the relative rates of intersystem crossing, in-
ternal conversion, and energy dissipation on the cluster particle strong
quenching of photoprocesses can also happen.

[1] F. Gértner et al. Angew. Chem. Int. Ed. 2009, V. 48, P. 9962.

MO 21.16 Thu 16:30 Poster.IV
Double-Auger Emission of Carbon Monoxide following Core-
Excitation and Ionization — eFLORIAN TRINTER!, MARKUS
S. ScuorrLER!, TiLL Jaunke!, IriNna A. Bocuarova2, ARNO
VREDENBORG!, FELIx P. STurRM2, NapINE NEUMANN!, Kvyra
CoLe!, Josnua B. WiLLiams?, Marc SimonN3, ALLEN LANDERs?,

THORSTEN WEBERZ, HoRsT ScHMIDT-B6ckING!, and REINHARD
b b

DORNER! — lInstitut fiir Kernphysik, Goethe-Universitéit Frankfurt
am Main, D-60438 Frankfurt, Germany — 2Chemical Sciences Di-
vision, Lawrence Berkeley National Laboratory, Berkeley, California
94720, USA — 3Physics Department, Auburn University, Auburn, Al-
abama 36849, USA — “Laboratoire de Chimie Physique Matiére et
Rayonnement, UPMC Université Paris 06, F-75005 Paris, France

We have studied double Auger decay after Cls — 27* core-level photo
excitation (287.4 eV photons) and after ionization (306 e€V) using syn-
chrotron radiation in gas phase carbon monoxide. In this experiment
the aim is to understand the dissociation pathways during the Auger
decay and the photo-electron valence-electron correlation. This is a
fundamental correlation yet unexplored, which plays an important role
in the understanding of the energy-bond-length correlation of the shape
resonance in chemical compounds. Moreover, we want to investigate
the role of the initial and final state correlation as well as post collision
interaction effects in the emission patterns of the outgoing electrons
and thus hunt for a breakdown of the widely accepted 2-step mecha-
nism in small molecules. New results especially on photo electron and
Auger electron angular distributions will be presented and discussed.

MO 21.17 Thu 16:30 Poster.IV

Electron diffraction self imaging of molecular fragmentation
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in two step double ionization of water — eHENDRIK SANN!,

TiL Jaunke!, TiLo HaverMEIER!, KaTHARINA KrEeDI!, CHRIS-
1

TIAN STuck!, MoRriTz MECKEL!, MARKUS SCHOFFLER!, NADINE

NeuMANN!, RoBERT WALLAUER!, STEFAN Voss!, Acuim Czascu?,
OrTMAR JacuTzkil, THORSTEN WEBER?, HORST SCHMIDT-
BookiNG!, SHUNGO MivaBe?, DaNieL J. HaxTon2, ANN E. OReL3,
TroMmas N. Rescieno?, and ReEINHARD DOrRNER! — lInstitut
fir Kernphysik, Goethe-Universitdt, Max-von-Laue-Strafe 1, 60438
Frankfurt am Main, Germany — 2Lawrence Berkeley National Lab-
oratory, Chemical Sciences and Ultrafast X-ray Science Laboratory,
Berkeley, California 94720, USA — 3Department of Applied Science,

University of California, Davis, CA 95616, USA

We doubly ionize H2O by single photon absorption at 43 eV leading
to Ht 4+ OH*. A direct double ionization and a sequential process
in which single ionization is followed by rapid dissociation into a pro-
ton and an autoionizing OH* is identified. The angular distribution of
this delayed autoionization electron shows a preferred emission in the
direction of the emitted proton. This anisotropy can be reproduced
almost exactly with a simple classical scattering simulation. From this
simulation we obtain an internuclear distance of 800 a.u. at which the
autoionization occurs.

This scattering effect should be rather general and should occur
whenever a positively charged fragment is emitted from a molecule or
cluster and at a later time electrons are emitted.

MO 21.18 Thu 16:30 Poster.IV
Experimental calibration of a 3D Velocity map imaging setup
using HBr photodissociation — eMikHAIL PoRETsKIY, MaAIk
VECKENSTEDT, CHRISTOF MAUL, and KARL-HEINZ GERICKE — In-
stitute fiir Physikalische und Theoretische Chemie, Braunschweig,
Deutschland

To solve the problem of the overlap of laser beams in space the HBr
photodissociation can be analyzed. In a one color experiment HBr is
photolyzed at a wavelength of 243.12 nm, which is also used for [2+41]-
REMPI of resulting H-atoms. The distribution of the velocity vector
of the produced H atoms is presented by two concentric spheres, which
correspond to two channels of measured H atoms, which are different
due to the spin orbit state of the bromine partner fragment Br and Br*.
In two color experiment the fact that HBr can be photolyzed both at
the REMPI detection wavelength 243.12 nm and at 193 nm (excimer
laser) was used. The H atoms produced by both wavelengths are sub-
sequently ionized only by 243.12 nm radiation. As a result two new
channels of H atoms are observed in the velocity distribution by new
spheres, which are sensitive to the position of the excimer laser beam.
The position of the excimer laser beam is changed until it is overlapped
with the beam of dye laser. In case of the overlap of both laser beams
in space the spheres, which appears in two color experiment have to
be concentric with these from the one color experiment.

MO 21.19 Thu 16:30 Poster.IV
3D velocity mapping of the Hydrogen atom formation from
the 193 nm photodissociation of borazine via (241)-REMPI
— eMAIK VECKENSTEDT, MIKHAIL PORETSKIY, CHRISTOF MAUL, and
KarL HEINZ GERICKE — Institut for Physical and Theoretical Chem-
istry, University Braunschweig, Germany

The kinetic energy release and the spatial distribution of the Hydro-
gen atom formation from the 193nm photodissociation of borazine,
B3N3H6, was studied by 3D velocity map imaging (VMI) setup. The
excitation of borazine with 193nm and the following dissociation yields
mainly in the production of the B3N3H5 and H atoms. In a two-
laser experiment borazine was first excited with 193nm and the gen-
erated Hydrogen atoms were ionized through a (2+1)-REMPI process
at 243nm. The 3D velocity vector of individual H atom fragments was
detected with a time and position sensitive delay line detector. With
this technique we received the Time-of-Flight mass spectrum and the
spatial distribution for this H atoms formation.

The speed distribution of the H atoms is very board and because
of the relative small energetic difference between the N-H (3,94eV)
and B-H (4,26eV) bonding, one cannot clearly distinguish between the
contribution of these two bonds. Moreover we observed an isotropic
distribution of the Hydrogen atoms and a long lifetime of the excited
borazine molecule. The spatial distribution obtained by 3D VMI cor-
roborates the previous notion of the 193nm photodissociation process.
Thus the Hydrogen atom formation is not a direct photodissociation,
but more likely a predissociation.

MO 21.20 Thu 16:30 Poster.IV

ESIPT in isolated hydroxychromones: Analysis by combined
IR/UYV spectroscopy — MARTIN WEILER, ALEXANDER BRACHER,
e ANKE StAMM, KRIsTINA BARTL, and MARKUS GERHARDsS — TU
Kaiserslautern,Physikal.&Theoret. Chemie,67663 Kaiserslautern

Photochemical reactions are of interest due to their importance in
chemical and biological processes. Combined double, triple and partly
quadruple resonance IR/UV spectroscopic techniques in molecular
beam experiments in combination with (TD-) DFT calculations are
very powerful tools to analyze photochemically induced reaction coor-
dinates yielding direct structural information on the electronic ground
and electronically excited states. We applied different combined mass-
and isomerselective IR/UV and IR/IR techniques on the isolated and
photochemically reactive 3-hydroxychromone (3-HC). By comparing
the IR spectra of the electronic ground and an electronically excited
state (S1) with (TD-)DFT calculations a proton transfer reaction af-
ter electronic excitation was verified and the resulting geometry can
be identified. These findings are compared with observations for
3-hydroxyflavone and 2-(2-naphthyl)-3-hydroxychromone which differ
from 3-hydroxychromone by substitutions. Especially the different life
times of the molecules and their clusters with water in the first elec-
tronically excited state require the use of the large variety of combined
IR/UV methods in order to get correct assignments on the different
species and their reaction channels. These aspects will be discussed in
detail.

MO 21.21 Thu 16:30 Poster.IV
Multimode exciton-vibrational spectra of Perylene Bisimide
(PBI) molecular aggregates — SERGEY PorLvuTrov and eOLIVER
KUHN — Institut fiir Physik, Universitdt Rostock, D-18051 Rostock,
Germany

Despite an enormous amount of experimental and theoretical pa-
pers focussing on the photophysical properties of molecular aggregates
(MA) [1] there are still open questions related to the behavior under
varying temperature [2]. In this contribution we investigate the influ-
ence of aggregate size, excitonic interactions and exciton-vibrational
coupling [3] on absorption and emission spectra of PBI aggregates.

We have studied the multimode electron-vibrational absorption and
emission spectra of a PBI monomer and dimer in the region of 600nm.
The spectrum was calculated using an exact multimode approach based
on explicit treatment of dominating vibrational modes with the largest
Huangh-Rhys factors [4]. The calculated energy positions and relative
intensities of vibrational peaks well reproduce the experimental spec-
tra [2]. It is shown that changing of temperature of MA may results
in a change of aggregate type.

[1] O. Kiihn, S. Lochbrunner, Semicond. Semimetals 85, 47 (2012)

[2] S. Wolter, Diploma thesis, Universtat Rostock (2011)

[3] S. Polyutov, O. Kiihn, T. Pullerits, Chem. Phys. (2012)

[4] S. Polyutov, 1. Minkov, F. Gel’'mukhanov, H. Agren, J. Phys.
Chem. A 109, 9507 (2005).

MO 21.22 Thu 16:30 Poster.IV
Solvated electrons at the water - vacuum interface —
Franziska BucHNER, HaNs-HErRMANN RiTzE, THOMAS SCHULTZ,
and e ANDREA LUBCKE — Max-Born Institut Berlin

Solvated electrons play an important role in solution chemistry and
have been extensively studied by means of transient absorption. As
solvated electrons are very reagent, their behaviour at interfaces is of
special interest. We use time-resolved liquid jet photoelectron spec-
troscopy (TRPES) at low kinetic energies to explore the energetics
and dynamics of solvated electrons at the liquid surface. First, we
will show, that contrary to previous assumptions, TRPES is surface
sensitive. Then we will discuss the solvated electron energetics and
dynamics in different environments and for different generation pro-
cesses. E. g. the excitation of an alkali halide aqueous solution with
sub-20 fs, 160 nm pulses leads to the formation of a solvated electron
above the liquid surface which is stabilized by the cation. Its binding
energy is about 2.5 €V and its lifetime is about 300 fs.

MO 21.23 Thu 16:30 Poster.IV
High Resolution IR Spectroscopy of Benzene Monomer
and Dimer at Ultracold Temperature — eSaraH GROUN,
ToRSTEN PoERsSCHKE, and DANIEL HaBiG — Ruhr-University
Bochum, Bochum, Germany

m---m and CH- -7 interactions are of special interest concerning sta-
bilization mechanisms in DNA or proteins. Therefore, benzene, as
the smallest aromatic molecule, and its dimer was used as a model
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and starting point for theoretical and experimental studies in the last
decades. Our measurements were carried out using a high power
cw-IR-OPO in combination with a helium nanodroplet spectrometer.
We obtained IR spectra of benzene and benzene dimer in the C-H-
stretching region of 3000-3110 cm~—!. From the pressure dependence
of IR-spectra, we assigned benzene monomer as well as dimer bands.
The latter, we assigned to the tilted T-shaped (TTS) structure based
on comparative treatment of the experimental results with theoretical
predictions as well as gas phase studies from other groups. Parallel-
displaced (PD) and perfect T-shaped (PTS) structure were not ob-
served in this frequency region. In addition, we found a splitting of
the vg + 19 combination band for benzene monomer, which was not
splitting in gas phase matrices. This can be explained with an addi-
tional Fermi resonance coming from the helium matrix.

MO 21.24 Thu 16:30 Poster.IV
IR-spectroscopy of glycine in helium nanodroplets —
oMELANIE LETZNER, SARAH GRUN, GERHARD SCHWAAB, and MAR-
TINA HAVENITH — Ruhr University Bochum, Germany

Glycine is the smallest amino acid, and therefore it is of special in-
terest as a model and starting point for theoretical and experimental
studies. Whereas the crystalline form of glycine consists of zwitterions
NH;' — CH>; —COO™, gas phase glycine is known to exist in the non-
ionized form NHy — CHo — COOH. The interaction between glycine
and water has been widely studied using a large variety of theoreti-
cal methods. Depending on the theoretical level used, a stabilisation
of the zwitterionic form is predicted for complexes containing from 2
to 7 water molecules. In low-temperature Ar matrices a set of char-
acteristic IR absorption bands for the zwitterionic form has been ob-
served. The higher stoichiometry complexes (glycine)- - - (H20), with
n larger than 3 are demonstrated to be zwitterionic H-bonded com-
plexes. The multitude of conformations expected for these glycine-
water complexes makes a combination of low temperature and high
resolution spectroscopy essential. We want to use the advantages of
our experiment to investigate glycine and its complexes with water in
helium-nanodroplets at ultracold temperatures in the range from 3000-
3800 cm~!. Our measurements were carried out using a high power
IR-OPO (cw: 2.7 W) as radiation source and a helium nanodroplet
spectrometer. Helium-nanodroplets are formed by expansion of he-
lium at 55 bar through a 5 pm nozzle which is kept at a temperature
of 16 K. The status of the project is presented.

MO 21.25 Thu 16:30 Poster.IV
New apparatus for laser and XUV ionization studies
of doped helium nanodroplets — eDominic BucHTal, Siva
KRrisuNAN?, ROBERT MosHAMMER?, FRANK STIENKEMEIER!, and
MAaRCEL MubpricH! — 1Physikalisches Institut, Universitit Freiburg,
Hermann-Herder-Str. 3, D-79104 Freiburg im Breisgau — 2Max
Planck Institut fiir Kernphysik, Saupfercheckweg 1, D-69117 Heidel-

berg

The ionization dynamics of atomic clusters in intense ultrashort laser
pulses has been an active area of research in recent years at near-
infrared (NIR), vacuum-ultraviolet, and soft x-ray wavelengths [1-3].
Doped He nanodroplets are particularly interesting heterogeneous sys-
tems due to extremely different masses and ionization energies of guest
and host atoms as well as due to the peculiar quantum properties of
He nanodroplets. We present a new mobile and versatile apparatus for
producing beams of doped He nanodroplets that will be employed for
strong-field ionization studies using few-cycle laser pulses as well as for
synchrotron and FEL experiments.

[1] A.Mikaberidze et al., Phys.Rev.Lett. 102, 128102 (2009)

[2] S.R. Krishnan et al., Phys.Rev.Lett. 107, 173402 (2011)

[3] D.S. Peterka et al., J.Phys.chem. A 2007, 111, 7449-7459

MO 21.26 Thu 16:30 Poster.IV
Probing doped helium nanodroplets with amplified femtosec-
ond laser pulses — eMAaNUEL ROMETScH, BARBARA GRUNER,
AmonN SiEg, FRANK STIENKEMEIER, and MARCEL MUDRICH —
Physikalisches Institut, Universitat Freiburg, 79104 Freiburg, Germany

Superfluid helium nanodroplets doped with atoms and molecules are
intriguing systems at the border between gas-phase and condensed
matter physics. We present experiments on the photoionization of
doped helium nanodroplets using different femtosecond lasers, ranging
from a high-repetition rate (80 MHz) Ti:Sa oscillator in the NIR to
an amplified low-repetition rate (5 kHz) OPA-system covering wave-
lengths from the NIR to the UV. One- and two-color pump-probe
schemes are applied in combination with photoion and photoelectron

detection. This gives access to a wide spectrum of dynamical phenom-
ena, such as the desorption off the droplet surface and alkali-helium
exciplex formation [1], droplet induced relaxation [2], as well as the
ignition of a nanoplasma [3].

[1] Mudrich et al., Phys. Rev. Lett. 100, 023401 (2008)

[2] Griiner et al., PCCP 13, 6816 (2011)

[3] Krishnan et al., Phys. Rev. Lett.107, 173402 (2011)

MO 21.27 Thu 16:30 Poster.IV
Infrared spectroscopy of small molecules inside helium nan-
odroplets using a narrow-linewidth VECSEL — eMICHAEL
RicHTER!, SEBASTIAN KasparR?2, MARCEL RATTUNDEZ, MARKUS
MoLLER!, JoacHiM WaceNER?, and FRANK STIENKEMEIER! —
1Physikalisches Institut, Universitét Freiburg, Hermann-Herder-Str. 3,
D-79104 Freiburg im Breisgau — 2Fraunhofer-Institut fiir Angewandte

Festkorperphysik, Tullastrasse 72, 79108 Freiburg im Breisgau

We are presenting a setup to perform spectroscopy of small molecules
like CO2, CO or H20 by using a tuneable, single mode operating
VECSEL (Vertical External Cavity Surface Emitting Laser)'. The
laser system provides narrow-linewidth operation (<10kHz) and still
delivers a reasonable output power in the region of 100mW to obtain
absorption spectra with high resolution. We will focus on IR vibra-
tional overtone spectroscopy in the 1.9 to 2.3 pm wavelength range.
Further on we plan to probe these molecules inside helium nanodroplets
to study the interaction with the ultra cold (370mK) and superfluid
matrix. In particular one expects relevant information on reduced ro-
tational constants and the role of a normal fluid fraction in the vicinity
of the dopant molecule.

1 B. Rosener et al., Optics Letters Vol. 36, No. 18, 3587 (2011)

MO 21.28 Thu 16:30 Poster.IV
Fluorescence emission spectroscopy of PTDCA in helium
droplets — eLLukAs SCHAFER, MARKUS MULLER, MATTHIEU Dvo-
RAK, and FRANK STIENKEMEIER — Physikalisches Institut, Universitét
Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg

Helium nanodroplet isolation (HENDI) spectroscopy has become a
well-established technique for studying atoms, molecules and their
complexes. The physical properties of helium droplets such as their
low temperature (380mK), the weak interactions with atoms and
molecules, and the superfluid property make them a favorite matrix
for spectroscopy. We apply HENDI to investigate the emission spectra
of PTCDA molecule and its complexes. PTCDA (3,4,9,10 perylene
tetracarboxylic dianhydride) with its semiconducting properties is a
promising material for organic device applications in light-emitting
diodes and photovoltaics. Emission spectra of dimers and oligomers
attached to helium nanodroplets provide insight into the vibrational
structure of the electronic ground state and the first electronically ex-
cited state. Moreover, one gets information on the inter-molecular
coupling and its dynamics.

MO 21.29 Thu 16:30 Poster.IV
Detection of photoelectrons for helium nanodroplet spec-
troscopy of organic molecules — eFABIAN HOHNLOSER, MARKUS
MULLER, and FRANK STIENKEMEIER — Physikalisches Institut, Uni-
versitidt Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg

Electronic spectroscopy of molecules in helium nanodroplets has been
exploited applying a variety of detection techniques including fluores-
cence, droplet beam depletion or ionization processes. In ionization
experiments the detection of ions can be hampered when the ions re-
main attached to the droplet and very large masses have to be de-
tected. We study the option of a simple and efficient setup of de-
tecting photoelectrons in order to do resonance enhanced multiphoton
ionization (REMPI) spectroscopy. In comparison with laser-induced
fluorescence methods, in particular non-radiative processes of larger
organic molecules can be probed in this way.

MO 21.30 Thu 16:30 Poster.IV
Laser ablation as a method for doping helium nanodroplets
— eMARTIN SINGER, RAPHAEL KATzY, and FRANK STIENKEMEIER —
Universitat Freiburg, Physikalisches Institut, 79104 Freiburg, Germany

Helium nanodroplet isolation has been proven to be a versatile method
for spectroscopy at temperatures below 1K [1]. The variety of dopants
to be loaded into the droplets depends crucially on available methods
for producing atoms and molecules in the gas phase for the pick-up
process. Besides gas cells and ovens also laser ablation has been es-
tablished as a method for doping both fragile organic molecules and
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refractory metals [2].

A pulsed droplet source provides great advantages compared to a
continuous beam in terms of gas load and droplet density. The in-
herently pulsed laser ablation source has so far only been used with
continuous helium droplet sources. For the Low Density Matter end-

station at the FERMI XUV free electron laser, we will combine a
pulsed droplet source with a laser ablation setup. The design of the
setup will be presented.

[1] J.P. Toennies, A.F. Vilesov, Angew. Chem. 43 (2004) 2622

[2] M. Mudrich et al., Rev. Sci. Instr. 78 , 103106 (2007)

MO 22: Cluster

Time: Friday 10:30-12:00

MO 22.1 Fri 10:30 V38.02

Isomer-Selective IR/IR Double Resonance Spectroscopy:
Isolating the Spectral Signatures of H+‘(H20)g Isomers —
eNapJA HEINE!, GIEL BERDEN?, GERARD MELER!, and KnuT
Asmis! — 1Fritz-Haber-Institut, 14195 Berlin, Germany — 2FOM

Institute, 3439 Nieuwegein, The Netherlands

Understanding how protons are hydrated remains an important and
challenging research area. The anomalously high proton mobility of
water can be explained by a periodic isomerization between the Eigen
and Zundel binding motifs, H3OT (aq)and H503' (aq), respectively,
even though the detailed mechanism is considerably more complex.
These rapidly interconverting structures from the condensed phase
can be stabilized, isolated and studied in the gas phase in the form
of protonated water clusters. The smallest protonated water clusters
that exhibits structural isomers related to the Eigen and Zundel motifs
experimentally is the protonated water hexamer HY-(Ha O)g.

Here, we present first results on infrared/infrared (IR/IR) double
resonance experiments on H+‘(H20)é‘r. Protonated water clusters are
formed by electrospray ionization, mass-selected, cooled to cryogenic
temperatures, and messenger-tagged (H2) in a buffer gas filled ion
trap. Isomer-selective IR/IR photodissociation spectra are measured
from 300-4000 cm~! by combining population-labeling double reso-
nance spectroscopy with the widely tunable IR radiation of the free
electron laser FELIX. The results demonstrate that two isomers, an
Eigen and a Zundel-type isomer, are indeed present and that their IR
spectra can be measured individually over the complete spectral range.

MO 22.2  Fri 10:45 V38.02
Structural Variability in Transition Metal Oxide Clusters:
Gas Phase Vibrational Spectroscopy of VSOg;B — oCLAUDIA
BriegeR!, TorsTEN WENDE!, JENS DOBLER?, ANDRZEJ NIEDZIELAZ,
Joacuim SAuErR?, GERARD MELER!, and KNuT R. Asmis! — Fritz-

Haber Institut der MPG, Berlin — 2Humboldt Universitét Berlin

Vanadium oxides exhibit a high structural variability and redox ac-
tivity which comes to play into heterogeneous catalysis. Interestingly,
the structure of the active sites in vanadium oxide catalysts is often
not well known. Infrared photodissociation (IRPD) spectroscopy can
be used to obtain structural information on isolated clusters in the gas
phase. Here, we study the structures of tri-nuclear vanadium oxide
cations. IRPD spectra of V,OF He, _,, V,01 Ar,_,, and V,04 Ar,_,
from 350 to 1200 cm ™! are presented. VSO;L and VSOgL have a cage-
like structure whereas a chain isomer is found to be most stable for
V3O6+. The binding of the rare gas atoms to \/'302;_8 clusters is found
to be strong, up to 58 kJ/mol for Ar, and markedly isomer-dependent,
resulting in two interesting effects. First, for V?)O}LAr1 and V?’O;{Ar1
an energetic reordering of the isomers compared to the bare ion is ob-
served, making the ring-motif the most stable one. Second, different
isomers bind different number of rare gas atoms. We demonstrate,
how both effects can be exploited to isolate and assign the contribu-
tions from multiple isomers to the IR spectrum. The present results
exemplify the sensitivity of the structure of vanadium oxide clusters
on small perturbations in their environment.

MO 22.3 Fri 11:00 V38.02
Activation of oxygen on small cationic platinum clusters in
the gas phase — oCHRIsTIAN KERPAL!, DAN HARDING!, ALEXAN-
pER HERMES?, SUuzZANNE HAMILTON?, ROBERT MOFFATT?, STUART
MackENzIE?, GERARD MEUER!, and ANDRE FieLicke! — !Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195
Berlin — 2Department of Chemistry, University of Oxford, South
Parks Road, Oxford, OX1 3QZ, UK

Small clusters of platinum represent model systems for potentially im-
portant industrial catalysts, e.g. for the activation of C-H bonds and
for fuel cells. The long term goal of such cluster model studies is to

Location: V38.02

understand the chemistry occurring at specific low coordinated metal
sites in heterogeneous catalysis. However, the properties of metal clus-
ters often differ dramatically with particle size. As most of the physical
and chemical properties of clusters are directly related to their geome-
tries, the determination of the precise structure is essential. The combi-
nation of infrared multiple photon dissociation (IR-MPD) spectroscopy
and density functional theory (DFT) calculations provides a means to
get detailed knowledge of the structures of both bare metal clusters
and the adsorption geometries of small ligands on the clusters. Here
we present IR-MPD spectra of Pt,, Oz, T clusters for n < 6;m = 1,2
and a comparison to DFT calculations, allowing structural determi-
nation for the cluster-ligand complexes. These structures give direct
information on the activation of the oxygen, showing different types
of molecular and dissociated binding and in some cases a mixture of
both, depending on cluster size and oxygen coverage.

MO 22.4 Fri 11:15 V38.02
Electronic structure and binding energies of structurally
modified diamondoid complexes studied with photoemis-
sion spectroscopy — eToBIAS ZIMMERMANN!, ROBERT RICHTER',
Davib WorriER!, TorBIORN RANDER!, PETER ScHREINERZ?, and
Tromas MOLLER! — ! Technische Universitit Berlin, Institut fiir Op-
tik und Atomare Physik — 2Justus-Liebig-Universitéit Giefen, Institut
fiir Organische Chemie

While the smallest diamondoids, in particular Adamantane, have been
known for some decades as perfectly shape- and mass-selectable car-
bon clusters, their significant scientific interest has risen only in the
last few years. This is due to the fact that now also the larger ones
have become more widely available due to new extraction and synthesis
possibilities. Adamantane, with only ten carbon atoms, can be seen as
the smallest unit of the macroscopic diamond crystal structure. The
electronic structure of such nanoparticles can be analyzed with the
help of photoemission spectroscopy (PES). In recent experiments we
investigated the electronic structure of structurally modified lower dia-
mondoids and lower diamondoid complexes. In particular we focus on
lower diamondoid complexes containing sp2-impurities. These systems
are of interest due to the fact that sp2-impurities in bulk diamond are
known to enhance luminescence. Recently, it has also been reported
that this type of structures possesses some of the longest C-C bonds
known, the peculiarities of which may be studied by using PES.

MO 22.5 Fri 11:30 V38.02
Experimental and theoretical Raman analysis of function-
alized diamondoids — eREINHARD MEINKE!, ROBERT RICHTER!,
Tuomas MOLLER!, BorysLav TKACHENKO?, PETER R. SCHREINERZ,
CurisTIAN THOMsSEN! ) and JANINA MavrTzsca! — !Institut fiir Fest-
korperphysik, Technische Universitét Berlin, Germany — 2Institut fiir
Organische Chemie, Justus-Liebig-Universitdt Giessen, Germany

Diamondoids functionalized with thiol, alcohol and amine groups [1]
are investigated by means of Raman spectroscopy. Here we present so-
called fingerprint regions in the Raman spectra which can be used for
determination of functionalization in diamondoids. Several effects due
to functionalization are observed: frequency shift of Raman modes, ac-
tivation of Raman-inactive modes, and splitting of degenerate modes.
We show how to determine the site and the type of the functional
group with the help of the fingerprint regions. The Raman modes
have been characterized and assigned by supporting DFT computa-
tions using Gaussian 09, using the B3LYP functional and the basis set
6-311G(d).

[1] Hartmut Schwertfeger, Andrey A. Fokin, and Peter R. Schreiner,
Angew. Chem. Int. Ed. 2008, 47, 1022/1036. DOI:
10.1002/anie.200701684

MO 22.6 Fri 11:45 V38.02

Molecular fragmentation and charge redistribution in XeF3
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after K-shell photoionization — RoBeErT W. DUNFORD!, STEPHEN
H. Soutnworra!, DipaANwITA Ray!, ELLioT P. KANTER!, BERTOLD
Kragssic!, Linpa Younc!, Doun A. Arms!, Eric M. DUFRESNE!,
DonaLD A. WaLko!, eOrioL VENDRELL?, Sanc-KiL Son?, and
RoBIN SANTRAZ23 — lArgonne National Laboratory, Lemont, IL
60439, USA — 2Center for Free-Electron Laser Science, DESY, 22607
Hamburg, Germany — 3Department of Physics, University of Ham-

burg, 20355 Hamburg, Germany

The photoionization of an inner-shell electron in a heavy atom by syn-
chrotron radiation sets off a cascade of x-ray and Auger transitions
as the atom relaxes and reaches its final charge state. If the heavy
atom is embedded in a molecule, the decay is accompanied by charge

redistribution and molecular fragmentation processes.

In this work, we investigate the effect of Xe K-shell hole in XeF
and compare it to the isolated atomic case, Xe. The average total
charge produced for Xe is 48, whereas it is +9 for XeFs. Such sim-
ilarity suggests a model in which the cascade proceeds at the atomic
level followed by charge redistribution and Coulomb explosion. Simu-
lations of the decay cascade of Xe, however, indicate that the cascade
lasts for about 100 fs, in which case nuclear motion may play a role.
Moreover, energetic considerations based on an independent ion model
suggest that it is unlikely that the total charge in XeFs is initially pro-
duced entirely on Xe. Therefore, a more complex mechanism involving
molecular effects is probably at play.

MO 23: Cold Molecules Il

Time: Friday 10:30-12:00

Invited Talk MO 23.1 Fri 10:30 V38.03
A homonuclear polar molecule — eHOSSEIN SADEGHPOUR —
ITAMP- harvard-smithsonian center for astrophysics, cambridge, ma
02138

Manipulating Rydberg interactions in ultracold ensemble is currently
in vogue due to the long-range nature of forces and large dipole mo-
ments. Interactions between ultracold Rydberg and ground state
atoms lead for formation of exotic classes of Rydberg molecules with
peculiar properties. A particular class of such molecules was recently
observed in Stuttgart and was found to sport significant permanent
electric dipole moment, even though that the molecules themselves
were homonuclear. In this presentation, I will describe the physics of
the formation of permanent dipole moments in homonuclear species,
arising from symmetry breaking. The work has appeared in Science
Vol. 334 no. pp. 1110-1114, 2011, in collaboration with MPIPKS and
Univ. of Stuttgart.

MO 23.2 Fri 11:00 V38.03
Non-local state-swapping of polar molecules in bilayers — oA.
Pikovski!, M. KLawunn?, A. Recari?, and L. SanTos! — !Institut
f. Theoretische Physik, Leibniz Universitat Hannover, Appelstr. 2,
30169, Hannover, Germany — 2INO-CNR BEC Center and Diparti-
mento di Fisica, Universita di Trento, 38123 Povo, Italy

The observation of significant dipolar effects in gases of ultra-cold po-
lar molecules typically demands a strong external electric field to po-
larize the molecules. We show that even in the absence of a strong
polarization, dipolar effects may play a crucial role in the physics of
polar molecules in bilayers, provided that the molecules in each layer
are initially prepared in a different rotational state. Collisions due
to dipolar interactions result in an exchange of the rotational state
between molecules in different layers, even for weak applied electric
fields. This swapping rate has a non-trivial dependence on density,
temperature, inter-layer spacing, and population imbalance. For re-
active molecules such as KRb, chemical recombination immediately
follows a non-local swap and dominates the losses even for tempera-
tures well above quantum degeneracy, and hence could be observed
under current experimental conditions. | arXiv:1108.5642 |

MO 23.3 Fri 11:15 V38.03
Vibrational excitation of polar molecules trapped on a chip —
eSiLvio MARX, MARK ABEL, GABRIELE SANTAMBROGIO, and GERARD
MEER — Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faraday-
weg 4-6, 14195 Berlin, Germany

Over the last decade Stark decelerators have proven to be an impor-
tant tool for the manipulation of external degrees of freedom of neutral
polar molecules. In addition, the simultaneous manipulation of inter-
nal degrees of freedom like vibrational quantum states of neutral polar
molecules is necessary to gain full control over molecular motion. Here,
CO molecules are trapped over the surface of a microchip and then
vibrationally excited using a narrow band infrared laser. Combined
with time of flight measurements, excitation of trapped molecules al-
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lows the study of quantum-state-dependent trap strength. The ability
to optically address trapped molecules shows the versatility of the chip
decelerator approach. It is anticipated that future chip-based experi-
ments, for example on chemical reactions, will greatly benefit from the
ability to probe the product final state.

MO 23.4 Fri 11:30 V38.03
Depletion Stark Spectroscopy of Cold Polar Molecules in a
Homogeneous Field Electric Trap — eRosa GLOCKNER, BAR-
BARA G.U. ENGLERT, MARTIN ZEPPENFELD, and GERHARD REMPE
— Max-Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Str. 1,
85748 Garching

Cold molecules are expected to substantially increase the resolution in
high-precision molecular spectroscopy with applications ranging from
tests of quantum electrodynamics to the search for an electron electric
dipole moment. For many applications, long interrogation times are
essential which suggests trapping of cold polar molecules. However,
broadening due to the trapping fields seems to contradict the desire to
observe narrow spectral features.

Here, we present depletion spectroscopy in a novel microstructured
electric trap which exhibits tunable homogeneous fields over a large
fraction of the trap volume [1]. Using either infrared or mm-wave
radiation allows depletion of individual rotational states with a Stark
broadening of only a few percent of the trap depth, much less than
the molecular temperature. A 1/e storage time of over 10s in the trap
provides for long interrogation times enabling spectroscopy of weak
transitions. Future improvements will allow spectroscopy with kHz
resolution establishing our experiment as a novel platform for preci-
sion spectroscopy.

[1] B.G.U. Englert et al., Phys. Rev. Lett, in press (arXiv:1107.2821).

MO 23.5 Fri 11:45 V38.03
Using cold molecules to detect molecular parity violation
— eJoosT vAN DEN BERG, KrLaus JunceMANN, CORINE MEINEMA,
AERNOUT VAN DER PoOEL, and STEVEN HoEksTRA — KVI, Univer-
sity of Groningen, The Netherlands

We combine novel experimental techniques to decelerate and cool
heavy diatomic molecules, in order to detect and study molecular
parity violation. Parity violation has so far never been observed in
molecules. Parity-violating effects, originating from the weak interac-
tion, are most pronounced in heavy molecules, and most accurately
measured in cold samples of trapped molecules. Stark-deceleration
and trapping of heavy molecules is more demanding compared to light
molecules such as NH and OH. Using recent advances in Starkdecel-
eration we set out to decelerate and trap heavy alkaline-earth halide
molecules. Initially we focus on the SrF molecule. We are currently
working on a supersonic beam of SrF molecules, constructing a Stark-
decelerator based on ring electrodes, and exploring the opportunities
for molecular lasercooling. Possibilities to use RaF molecules are also
being investigated. A new generation of precision measurements to
probe fundamental interactions and symmetries is possible once such
samples of sufficiently cold molecules are available.



